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WEST WARREN

LOCAL PROTECTION PROJECT

QUABOAG RIVER - CHICOPEE RIVER BASIN

WARREN, MASSACHUSETTS

JULY 1961

A, PERTINENT DATA

Purpose

Location

Type of Improvement

Hydrology
Maximum flood of record
Project design flood

Drainage area

Dike

Type

Length

Top width
Elevation of top
Ties

Side slopes

Overbank flood control of Quaboag
River.

Channel improvement upstream and
- downstream of the existing dam at

West Warren, Worcester County,
Massachusetts.

Dike, flood walls, sluice gates,
channel excavation, rock slope pro-
tection, reconstruction of bridge pier
footings, and the removal and modifi-
cation of two existing bridges.

8,300 c. f.s.

11,000 c.f.s.
210 sq. miles

Earth filled with rockfill protection on
river side, topsoil and seed on land-
ward side

390 feet

12 feet

544.5 feet

Concrete flood wall structure to exist-
ing building at one end; existing grade
at other end

1 vertical on 2 horizontal



10.

Pertinent Data, Cont.

Walls

Types

Locations
T-wall
Buttress walls

Liengths
T -wall
Buttress walls

Heights
T-wall
Buttress walls

Sluice Gates

Type
Location
Number
Size

Reinforced concrete T-wall

Interior concrete buttress walls

East of Bldg #7
North wall interior Bldg #7
North wall interior Bldg #11

120 feet
350 feet, Bldg #7
70 feet, Bldg #11

26.5 feet
5 to 7 feet, Bldg #7
8 feet, Bldg #11

Manually operated cast iron
Flood wall, east of Bldg #7
Two each

4 feet wide x 5 feet high

Bridge Pier Footing Replacement

Type
Location

Length
Height
Width

Removal of Existing 3-Span

Stone Arch Bridge

Removal and Replacement
of Utility Bridge

‘Concrete

North piers of the South St.
Highway bridge on the right
bank of the Quapoag River
opposite Bldg #11
38 feet

25 feet

10'-6" top

14' bottom

To be accompl ished by local
interest

To be é,ccomplished by local
interest



N

11.

12.

13,

‘Cover stone (1,000 1b) }

Pertinent Data,

Cont,

Rock Slope Protection

Slope

Cover stone
Bedding stone

Channel Improvement

Excavation
Bottom width
Channel paving
Paving stone
Gravel bedding

Principal Quantities

Stream control
Excavation - unclassified
Rock excavation
Impervious earth fill
Gravel bedding

Stone paving (500 1b)

Rockfill :

Gravel fill

Concrete work

Sheet piling

Underpin existing South
Street bridge

Drainage facilities

1 vertical on 2 horizontal up-
stream of the South Street
bridge piers, 1 vertical on 1.5
horizontal downstream of these
piers.

Minimumm 1000 1b quarry stone
12 inches

900 feet :
60 feet

700 {feet
Minimum 500 1b
12 inches

1 Job
15,100 c.v.
1,000 "
2,400 "
3,700 "
2,400 "
1,700 ¥
1,100 "
1,300 "
1,020 ™
2,600 s. f.



14.

15.

Pertinent Data, Cont.

Cost Estimates

First Costs:

Federal
Non-Federal

Total

Annual Costs:

Federal
Non-Federal

Total
Benefits
Average Annual Benefits

Benefit-Cost Ratio

$300, 000
45,000

345, 000

$ 10,900
- 2,500

13,400

$ 17,400

1.3t0 1.0



B. PROJECT AUTHORITY

This Detailed Project Report is submitted pursuant to authority
contained in Section 205 of the 1948 Flood Control Act, as amended
by Section 212 of the Flood Control Act of 1950 and Public Law 685,
2nd Session, 84th Congress, adopted 11 July 1956.  Further authority
is contained in lst Indorsement dated 17 May 1960 from the Chief of
Engineers in reply to a report dated 25 March 1960 from the Division
Engineer, New England Division, subject: '"Reconnaissance Report
on West Warren Local Protection Project, Quaboag River, Warren,
Mass. "

C. SCOPE OF DETAILED PROJECT REPORT
1. SCOPE ;-

This Detailed Project Report reviews the overbank flood prob-
lem on the Quaboag River, West Warren, Massachusetts. It sub-
mits a definite project for overbank flood control by construction of
the following improvements: an earth and rockfill dike; concrete
flood walls and intake structure; sluice gates; channel improvements
including channel deepening, widening, with stone protection along

-channel banks and bottom; the removal of two existing bridge obstruc-
tions; and the reconstruction of existing bridge pier footings to per-
mit channel deepening.

2. TOPOGRAPHIC SURVEYS

A topographic survey of the proposed local protection project
on a scale of 1" = 40’ and a contour interval of 2 feet was made in
November 1958.

3. SUBSURFACE EXPLORATIONS
Geological reconnaissance of the proposed project area has been
~made. Subsurface explorations were performed during November

1960 and consist of core borings, earth augurs and test pits; the
location and description are shown on Plate Nos. 3 and 4.

4., ECONOMIC INVESTIGATIONS

Surveys of flood damages of the West Warren site were made
after the floods of 1938 and 1955. These surveys included personal



interviews with officials of industrial concerns that suffered dama-
ges. A summary of the results of flood damage surveys are shown
in Section L, "Flood Damages and Economic Development. "

5. REAL ESTATE STUDIES

Field reconnaissance and conferences with local officials were
used as a basis for estimates of real estate costs.

6. CONFERENCES WITH LOCAL OFFICIALS

Close liaison has been maintained with Town and State officials
and other interested parties. Desires of local interests are described
in Section O. Officials of local concerns have been contacted and the
plan of protection explained. All have expressed a strong desire for
the immediate construction and completion of the proposed project.
Local interests have supplied firm statements as to their willingness
and ability to participate in the proposed improvement. Formal
assurances will be furnished by the Town and the Commonwealth of
Massachusetts, through its Water Resources Commission, prior to
completion of final design.

D. PRIOR REPORTS
7. INTERIM REPORT

The Interim Report on Review of Survey, Chicopee River Basin,
Massachusetts, dated 8 September 1959, approved by the 86th
Congress, 2nd Session, House Document No. 434, prepared by the
New England Division, contains preliminary information regarding
the subject site.

8. RECONNAISSANCE REPORT

In response to requests from local interests and in compliance
with ER 1165-2-102, a reconnaissance and damage survey of the
record August 1955 overbank flooding on the Quaboag River, West
Warren, Massachusetts was made. The report stated that construc-
tion of dikes and flood walls and other channel improvements would
relieve the situation. The reconnaissance report indicated that the
project was economically feasible and within the scope of Public Law
685. It recommended that the New England Division be authorized
to prepare a Detailed Project Report., - By first indorsement, dated
17 May 1960, the Chief of Engineers authorized preparation of a
Detailed Project Report.
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E. DESCRIPTION OF AREA

9. GEOGRAPHY

The Quaboag River, with a length of 26 miles and a drainage
area of 210 square miles, lies within the Chicopee River basin
which is located in central Massachusetts within the confines of
Worcester, Franklin, Hampshire, and Hampden counties. The
Chicopee River is formed by the confluence of the Ware and Quaboag
Rivers, near the community of Three Rivers in the northwest corner
of the Town of Palmer, Massachusetts, The confluence of the
Chicopee and Connecticut Rivers is located about 18 miles west of
Three Rivers. The Town of Warren is located approximately 14
miles upstream from Three Rivers, .

10. TOPOGRAPHY |,

The entire lengt%_h of the Quaboag River is characterized by
broad, gentle sloping valleys. Except in the dairy country of the
Brookfields and Spencer and in parts of Monson, the land in the
Quaboag basin is generally sandy and contains large boulders,
making it unfavorable for agriculfure.. The West Warren industrial
area is located on a flat flood plain on the left side of the Quaboag
River. The Boston & Albany Railroad tracks {owned by N.Y, C..R. R.)
are on the right bank of the river., Beyond the tracks, the ground
rises rapidly to an elevation high above the flood plain.

11. GEOLOGY

In the project arvea, the Quaboag River flows through several
relatively low glaciolacustrine terraces of sand and gravel. Bedrock
outcrops are located on the left and right banks of the river, a short
distance below the project site,

12. MAIN RIVER

The Quaboag River, rising in the vicinity of Quaboag Pond in the
southeast corner of the Town of Brookfield, Mass., flows in a gen-
erally westerly direction for about 26 miles to its confluence with the
Ware River at the Chicopee River. In the upper part of the basin,

the Quaboag River flows through a large swampy river channel.
~ Valley storage in the area of ponds and marshy flat land is very great
and during flood periods huge volumes of water are temporarily stored

7



in this natural basin. The stored floodwaters subside gradually at
relatively low rates so that the natural topography produces a flood
reduction effect similar to that of a dam and reservoir. The middle
reach of the Quaboag River has a relatively steep slope but the lower
part of the river, downstream of the mouth of Chicopee Brook, is
very flat. The total fall of the river is about 300 feet.

The proposed project site in the community of West Warren,
Mass. is along the Quaboag River about 14 miles above its mouth.
Here, the Quaboag flows from east to west downstream through the
site reach, swings in a southerly direction for about 500 feet and
then turns to flow away from the project area in a westerly direction,
A small brook enters the river on the left side near the downstream
end of the proposed improvement. A profile of the river through
the proposed project site is shown on Plate No. 4,

At the project site, the Quaboag River flows over a rock
masonry dam, under a 3-span stone arch road bridge, under a 2-span
pipeline bridge, and under an abandoned cable supported steam pipe
extending across the river to underground fuel storage tanks. The
two bridges have insufficient waterway dreas and restrict large flood
flows. The river also flows under the South Street highway bridge.
The bridge span, composed of a steel truss, is elevated about 30’
above the river by means of steel trestles which rest upon masonry
piers. The bridge is sufficiently high so that flood flows are not
impeded. '

The majority of the buildings in the industrial area located in the
flood plain on the left bank of the Quaboag River are owned by West
Warren Industries. It leases space to four firms producing textiles,
plastic and metal products. Other space is owned outright by two of
the occupants. These firms employ approximately 950 people and
constitute the core of economic activity in this portion of the basin.
In addition to the vital importance of West Warren Industries to the
economic life of West Warren, it maintains and operates the pump-
ing facilities for the fire protection of this comamunity.

13, STREAM CHARACTERISTICS

The existing channel bottom slope in the reach of the Quaboag
River that flows through the proposed project site, varies from an
elevation of about 528 feet at the upstream end, to an elevation of
about 510 feet at station 17+0, which is the downstream end of the



proposed improvement. The dam crest, located at station 4450, is
532.7 feet, while the downstream elevation at the foot of the dam is
520.5 feet, These elevations are shown on Plate No. 4 of this report.
Cross-sectional dimensions downstream of the dam show the river
bottom width varying from about 110 feet at the dam to about 55 feet
in the reach between stations 9+0 and 12+0. Existing bank slopes

are about 1 on 1.5 throughcut except at station 9+0 where the slope

up to the existing piers of the South Street bridge are 1 to 1.

The bank fill capacity for the upstream reach of the river is
about 3,500 c.f.s., as determined by an existing bank elevation of
537 feet and the hydraulic rating curve of this area. The capacity of
the downstream channel is about 4,000 c.f.s., and is governed by an
elevation of 526 feet occurring on the left bank of the river just down-
stream at Building No. 11,

14. MAPS

The Quaboag River and its watershed are shown on Standard
quadrangle sheets of the U.S. Geological Survey (Scale 1:31, 680}
and on standard quadrangle sheets of the Army Map Service {Scale
1:25,000). A map of the Chicopee River basin is shown as Plate
No. 1 of this report.

F, CLIMATOLOGY
15, GENERAL

The Quaboag River basin has a modified continental type of
climate and it is generally warm to hot in the summer and moder-
ately cold in the winter. On the average, the precipitation is uni-
formly distributed throughout the year but frequently subjected to
short periods of heavy precipitation. The basin, as well as all
southern New England, lies in the path of the "prevailing westerlies'
and of cyclonic dusturbances that cross the country from the west or
southwest and converge on the northeast. These well developed
cyclonic storms produce rapid weather changes and act as an impor-
tant climatic control. The area is also exposed to occasional '
storms that travel up the Atlantic Seaboard, some of which are of
tropical origin and of hurricane intensity. These storms have a
high potential for flood-producing rainfall, particularly from August
to October. ‘ '



16, TEMPERATURE

The average annual temperature in the basin is approximately
50°F. Recorded temperature extremes at representative stations
within or adjacent to the Quaboag River basin have varied from a
maximum of about 100°F. to a minimum of about -20°F. Freezing
temperatures have been experienced from the latter part of Septem-
ber until the early part of May. Mean, maximum, and minimum
temperatures are shown in Table 1 for long period record stations
near the Quaboag River basin.

TABLE 1

MONTHLY TEMPERATURES
© '(Degrees Fahrenheit)

Worcester, Mass. : Westover Field, Mass,

. Elevation :

(ft. m.s.1b). - Peee 628 o 240

“Years of Recgord’ 67 : .18
Month * Mean Max. Min. Mean Max. Min.
January ‘25,4 69 -18 ¢ 25.8 65 -21
February o * 25,5 67 -24 28.1 65 ~18
March ‘o 34.9 84 b 36. 6 86 -13
April ‘45,8 91 g 47.5 87 13
May ‘57,3 92 25 ¢ 58.1 93 29
June ‘65,9 98 33 ¢ 67.7 102 37
July ' P71.0 102 41 72,5 97 45
August ©69.0 99 35 ¢ 39.9 99 36
September ‘' 62.0 100 26 ¢ 62.1 101 27
October 51,7 89 13 ¢ 52.8 89 17
November ‘ 40.2 81 3 ¢ 41.7 81 8
December t 28,5 67 17 ¢ 29.1 64 15
Anhual - ‘48,2 102 24 ¢ 49.3 . 102 -21

17. PRE CIPITATION

The mean annual precipitation of approximately 40 inches at West
Warren is distributed uniformly throughout the year. In the headwaters
of the Chicopee River hasin, at Hubbardston, Mass., the maximum and
minimum annual precipitation, respectively, for 38 years of record was
61. 3 inches in 1938 and 32.8 inches in 1949. At the Ware, Mass. No. 2
climatological station, the maximum and minimum annual precipitation

10



for 27 years of record was 62. 8 inches in 1955 and 33.5 inches in
1935, respectively, The mean, maximum, and minimum monthly
recorded precipitation for these stations, which are representative
of the West Warren area are summarized in Table 2,

TABLE 2

MONTHLY PRECIPITATION RECORD
(in Inches)

Hubbardston, Mass. Ware #2, Mass,
Elevation, HEN ]
{ft. m.s,1.) : 1,030 ; 500
Years of Record: 38 PP 27
Month : Mean Max., Min, : - Mean Max. Min,
January 23,04 - 6,17 0.61 : 3.27 . 6.46 1. 00
February 2.53 4,83 1.36 2.84 5.55 0.93
March 3.58 8.89 1.32 3.74.  7.52 1.59
April 3.73 7. 62 1,01 : 3.37 6.49 0.71
May 3.59 6.96 1. 38 3.76 6.27 0.70
June 4,29 11.82 0. 46 4.46  8.29 1.22
July 4,10 8. 00 1,07 3.94 10, 14 1.21
August 3.47 9.83 0.79 4,14 20.65 0.46
September 4,30 18.28 0.94 4,11 15.70 1.02
October 3.28 8.05 0.13 2.97 - 9.12. 0.81
November 4.04  7.44 0.95 3.73 8,41  0.83
December 3.04 6.83 0. 50 3,41 6,11 0.74
Annual 1 42,99 61.34 32,81 43,74 62.78 33,51

18, SNOWFAILL

The average annual snowfall at West Warren is about 50 inches.
The water equivalent of the snow cover generally reaches a maximum
in March with an average basin depth of 2 or 3 inches with maximum
basin averages over 5 inches. The mean annual snowfall recorded at
Westover Field at Chicopee Falls, Mass., for 15 years of record, is
50 inches. At Hubbardston, Mass., representative of the Chicopee
River basin area, the annual mean, maximum, and minimum snowfall
was 54 inches, 98 inches, and 36 inches, respectively, during the period

11



“from 1930 to 1955.

The mean monthly snowfall for the periods of

record at Westover Field and Hubbardston are summarized in

Table 3.

Elevation,

Aft., m.s.1.)
Years of Record

Month '

January
February
March
April

May

. June

July
August
September
October
November
December

Annual

TABLE 3

MEAN MONTHLY SNOWFALL

(Average Depth in Inches)

Westover Field, Mass. Hubbardston, Mass,.

240 ‘ 1,030
11 25

12. 5 14. 9
14. 0 14. 2
8.9 7.6
1.7 2.5
0 0.1

0 0

0 0

0 0

0 0

T 0.4
2.0 4.2
11.2 10. 1
50. 3 54,0

19. STORM TYPES

The New England region experiences a number of middle latitude
cyclonic storms each year, generally approaching from the south-

western quadrant.

They are most common during the winter months

but may occur during any season. For example, flood-producing
storms occurred over New E'ngland in November 1927, March 1936 and

July 1938.

Storms of tropical origin, while of infrequent occurrence over
New England, may produce extremely intense rainfall. Late summer
and early fall is the usual season for tropical storms and hurricanes.

12



Precipitation records of many years' standing were broken by the
hurricane of September 1938, only to be again exceeded by the tropi-
cal storm of August 1955. The latter storm produced about 15
inches of rainfall over the Quaboag River basin, which is by far the
greatest amount of precipitation ever recorded in the area.

_ G. RUNOFF AND STREAMFLOW DATA
20. DISCHARGE RECORDS

The U. S. Geological Survey has published records of river
stages and streamiflow on the Quaboag River at West Brimfield since
1912, West Brimfield is about three miles downstream from the
proposed project site. The records are good except those for periods
of ice effect, or no gage height record, which are fair. The gaging
station has a drainage area of 151 square miles and a continuocus
record since 1921, The mean, maximum instantaneous, and minimum
discharges are 244 c.f.s., 12,800 ¢.f.s., 6.6 c.f,s., respectively,
for a 47-year record {1912-1958),

21. RUNOFF

The annual runoff for the 47 years of record at West Brimfield
varied from 104 c.f.s. to 430 c.f.s., with a mean of 244 c.{, s.
Table 4 is a summary of the maximum, minimum, and mean monthly

runoff {in c.f, s.) for the period of record at West Brimfield.

TABLE 4
AVERAGE MONTHLY RUNOFF!{c.f.s.)

Month Maximum Minimum "Mean
January - 5587 49,0 261.7
February 621 71.8 255.3
March 1, 399 -B07 496. 6
April . 1,352 ©173 544, 9
May 573 108 322.5
June 655 " 63,5 181.3
July s 524 25,7 110. 6
August 1,440 12. 8 120. 6
September 1,369 12,0 128.2
October 607 11.9 108.5
November 693 26.9 169.0
December 600 48.5 225.4
Annual . 430 104 244
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H. FLOODS OF RECORD
Ve :
22. NOTABLE FLOODS

' The first of two March 1936 floods was caused by a combination
of rainfall and snowmelt. The second flood, which was the more
destructive, involved only minor amounts of snowmelt but consider-
ably more rainfall over this basin. Also, the second flood followed
the first so closely as to occur with nearly saturated ground condi-
tions and nearly bank full river channels. Other notable floods
occurring in September 1938 and August 1955 were caused by hurri=
canes originating in the tropics and following a northerly path aleng
the east coast of the United States. '

23, FLOODS OF RECORD

On the basis of meager records, it appears that the Quaboag
River basin had not experienced many destructive floods prior to
1936, Damaging floods occurred in May 1854 and October 1869, but
as far as can be determined, neither approached the magnitude of
the major floods that occurred during and after 1936. Four floods
of major proportions have occurred since 1936. DPertinent data on
these floods at West Brimfield are listed in Table 5. :

TABLE 5

FLOODS OF RECORD

WEST BRIMFIELD, MASS, (USGS GAGE) .

Peak _

Average Discharge Gage
Date of Flood Rainfall Observed Height

{inches) (c.f.s8.) {feet)
12 March 1936 2 2,040 6.8
19 March 1936 5 | 3,620 8. 62
21 Sept 1938 11.5 8,470 11.8
19 Aug 1955 15 12,800 14.79

14
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1. DISCHARGE FREQUENCY

The frequency, or percent chance of occurrence of peak dis-
charge was determined for West Brimfield USGS Gage and inter-
polated for West Warren by assigning the same computed mean per
effective square mile to the 0.7 power skew coefficient and August
1955 flood frequency. A tabulation of discharge frequency at West
Warren is shown in Table 6.

| TABLE 6
DISCHARGE FREQUENCY

QUABOAG RIVER

West Warren, Mass,

Average Recurrence Peak Discharge
Interval, Years {c.f.8.)
1 900
2 1,200
5 . 1,600
10 - . . 2,200
20 o . 3,000
50 4,600 |
100 6,400
200 ' ' 9,000

J. STANDARD PROJECT FLOOD

A standard project flood at West Warren was developed from a
standard project storm centered very near West Warren. An analysis
of this flood is described more fully in "Northeast Flood Studies Interim
Report on Review of Survey, Chicopee River Basin, Massachusetts by
the U, S. Army Engineer Division, New England, Corps of Engineers, "
dated 8 September 1959, Due to the pronounced influence of the ponds
and marshy area above Warren upon downstream discharge, a com-
pound storage routing was used to determine the outflow from the
natural storage basin. It was found at the time of peak discharge at
West Warren, the flood inflow into the ponds and marshy area above
Wickaboag Pond outlet went entirely into storage. .The standard project
flood at West Warren was, therefore, produced entirely by the water-
shed downstream of the Wickaboag Pond outlet.

15



K. PROJECT DESIGN FLOOD

The standard project flood, with a peak discharge of 11,000
cubic feet per second, was adopted as the project design flood.
Design of the project against this flood which represents a flow
133 percent larger than the flood of record (8, 300 cubic feet per
second} will insure a reasonably high degree of protection to the
industrial properties,

L., FLOOD DAMAGES AND ECONOMIC DEVELOPMENT
.24, EXTENT AND CHARACTER OF FLOODING

Nearly nine acres of highly industrialized area, located on the
left bank of the Quaboag River in West Warren, are subject to
serious flooding. High river flows overtop the river bank adjacent
to the left abutment of the dam and flow through the mill buildings
and vards., In addition, the channel downstream of the dam is in-
adequate to contain flood flows and water backs into the buildings
adjacent to the river downstream of the dam. In the flood of August
1955 seven industrial buildings were inundated to depths of six feet,
and depths of 4% feet were experienced over the ground, The Sep~
tember 1938 flood produced flooding about two feet less than experi-~
enced in 1955, The value of the land and improvements, including
seven industrial buildings in the flood area are estimated at $3.5
million. The property is owned by the West Warren Indusiries, a
realty corporation which leases space ‘to four firms producing over
$15 million worth of textiles, plastics and metal products annually.
These firms employ 950 people, with an annual payroll of over $3
million, The plants in the flood area which provide the economic
base for the town, are also a key source of employment for several
towns bordering West Warren. Water for the fire protection system
for the village of West Warren, population 1,100, is pumped from
the Quaboag River by pumps located in the beiler house of West
Warren Industries.

25, TRENDS IN DEVELOPMENT

All available space in the buildings in the flood area is currently
occupied and being put to a high type of use. The tenant firmis enjoy
a stable, relatively high level of prosperity. Topography limits
physical growth in the area and the character of the present processes
makes it unlikely that there will be any higher type of usage of existing
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facilities. The demand for the products of the industries has

remained at a high level, and forecasts indicate that the general
level of current activity will prevail in the future.

26. FLOOD DAMAGES

The record flood of August 1955, on the Quaboag River,
caused estimated damages of nearly $1 million in the flood area.
Seven industrial buildings were inundated to depths of six feet,
forcing shutdown of multishift operations for a period of seven to
ten days. In addition, the swift floodwaters washed out a service
road, inundated a steam plant furnishing steam for heat and indus-
trial processing. Fire pumping facilities were interrupted,
jeopardizing the safety of the entire town of West Warren in the
event of fire. Flood stages, a few inches higher than those of the
August 1955 flood, would enter additional critical space and cause
substantial increases in losses.

27. RECURRING L.OSSES

A recurrence of the August 1955 flood, the flood of record on
the Quaboag River, would cause an estimated loss in West Warren
of $1. 1 million under present economic conditions. Of this amount,
approximately $660, 000 loss would result from headwater stages
above the dam and $440, 000 would result from high tailwater stages.
A recurrence of 1938 flood stages would occasion damages of
$870,000. Construction of the project would eliminate all losses in
a recurrence of either of these floods. |

28. AVERAGE ANNUAL LOSSES

Damage-frequency curves usiang recurring stage-damage, stage-
discharge and discharge-frequency relationships, result in estimated
average annual losses of $18,700 under present pre-project con-
ditions. Construction of the project would reduce losses to $1, 300
annually.

M. EXISTING CORPS OF ENGINEERS FLOOD CONTROL PROJECTS

There are no existing Corps of Engineers flood control projects on
the Quaboag or Chicopee Rivers. The three completed projects in the
Chicopee basin are Barre Falls Reservoir, Ware Local Protection

Works, and Chicopee Local Protecticn Works. Several proposed
©
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projects exist in the Chicopee basin. Conant Brook Reservoir,
Three Rivers Local Protection and Chicopee Falls Local Protection
were all authorized by Public Law 86-645, 86th Congress, dated

14 July 1960. The West Brookfield Reservoir in Brookfield, which
was authorized by the Flood Control Act of 18 August 1941, H. D.
724, 76th Congress, and held inactive due to a lack of economic
justification, was subsequently deauthorized by Public Law 86-645,
The locations of these projects are shown on Plate No. 1.

N. IMPROVEMENTS BY FEDERAL
AND NON-FEDERAL AGENCIES

29, FEDERAL

The Soil Conservation Service, Department of Agriculture, pro-
viding technical assistance to the Southern Worcester County and
Northwestern Worcester County Soil Conservation Districts under
the authority of Public Law 566, Watershed Protection and Flood
Prevention Act, has developed a2 Work Plan for the Upper Quaboag
River Watershed. The Work Plan includes five single-purpose _
floodwater retarding structures, two multiple-purpose floodwater re-
tarding and fish and wildlife improvement structures, one multiple-~
purpose floodwater retarding and recreational development structure,
818 feet of concrete flood wall, and 2. 66 miles of stream channel
improvement, all located upstream of West Warrén. The Work Plan
has been submitted to the Administrator, Soil Efonservatlon Service,
for approval. The Work Plan, including its e/lements, is a result
of coordinated studies by both the Soil Conservation Service and the
Corps of Engineers and will have no adverse effect on the pi’oject at
West Warren. (See letter of Comment, Appendix C).

30. NON-FEDERAL

Subsequent to the flood of 1938, the owners of West Warren
Industries constructed a flood wall along the right abutment of the
existing dam. Appromma,tely 400 feet of railread track and embank-
ment was replaced b‘y the Boston & Alba.ny Railroad Company

After the dzsaSter of 1955, West Warren Industrles accomplished
several improvements, These included a new intake structure, a
small stoplog structure between Buildings 7 and 11, and a new con-
crete wall along the tributary stream that flows behind Building 8. -

In Building 7,, 8000 c.y. of fill was placed under a new concrete floor,
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Channel improvements in the Quaboag River, after the flood of
August 1955, consisted of removal of accumulated boulders and
debris in the vicinity of the oil pipeline bridge and oil storage
tanks. This work was accomplished by having a bulldozer work
in the river channel, pushing the boulders onto existing bank
slopes. No improvements to the area have been made by either
State or County.

0. IMPROVEMENTS DESIRED

Several meetings have been held between representatives of
the New England Division, Corps of Engineers, and local interests.
The citizens and manufacturers of West Warren are very desirous
‘of preventing future losses to the various industries from which
they derive their livelihood, They believe that the proposed project
as outlined herein will be beneficial to the community, particularly
to its economic base, by preventing damages to its principal indus-
tries, Local interests have expressed a willingness to fully co-
operate on this proposal for the protection of West Warren Industries.
They have informed the Corps of Engineers that the Town will comply
with local cooperation required by law subject to concurrence by
vote of the Town meeting., Prints of letters giving the views of local
interests are included in Appendix C of this report.

P, FLOOD PROBLEM AND SOLUTIONS CONSIDERED

31. FLOOD PROBLEM:

The Quaboag River is susceptible to floods caused by heavy rains
or a combination of heavy rains and melting snow. The 1955 flood of
record caused severe damage to the area by inundating most of the
buildings that comprise West Warren industries. A 7-foot head of
water built up behind the existing dam, causing floodwaters to over-
fiow both banks of the river. Overbank flooding along the left bank
of the river incurred severe damages. High velocities prevented
gate closure of the intake structure and resulted in the scouring of
portions of this conduit. Floodwaters flowed into Building 7 from all
sides, principally from windows and doors, inundating the first floor
to a depth of five feet. Fortunately, there were no structural failures
to the many building walls. This was perhaps attributable to inunda-
tion of plant yards which had the effect of equalizing hydraulic pres-
sures against brick exterior walls, However, on the right bank of
the river only slight damage was incurred to the railroad tracks in
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the form of minor erosions to bank slopes. This in part was attri-
butable to flood walls constructed along the right abutment of the
dam after the 1938 flood. During the 1938 flood, waters circled
the right embankment of the existing dam, scouring out about 400
feet of railroad track and the north abutment of the dam. Down-
stream of the dam, the constrictions caused by insufficient chan-
nel area and the principal hydraulic obstructions; namely, the oil
pipeline bridge, and the 3.span stone arch bridge, caused back-
water to flow into the buildings and also to erode the pier footings
of the overhead South Street bridge. Further restriction to the
flow was induced by several large boulders located downstream of
this bridge.

32, SOLUTIONS CONSIDERED

Consideration has been given to all practicable methods of
solving the flood problem at West Warren. Realignment of the
existing channel is impractical and not economically justified due
to physical and topographic features of the area. The cost of
diversion floodwaters, or construction of upstream reservoirs,
to be effective, was found to exceed the benefits derived.

The solution to the flood problem as set forth in the '"Recon-
naissance Report!" was considered to be the best solution to the
problem. Detailed studies revealed, however, that economic jus-~
tification was available for a higher degree of protection than had
been previously contemplated. Another predominant change in the
improved plan is the substitution of more extensive channel deepen-
ing and the placement of heavy cover stone on the bank slopes in
lieu of a concretfe wall considered previously for the protection of
the oil storage tanks. Detailed studies similarly revealed the need
for wall construction at Building 7, both along its north and east
sides, In addition, buttress wall construction was found necessary
along the north wall of Building 11. Positive protection of Buildings
7 and 11 was found necessary to make effective the contemplated
improvements upstream of the dam. Studies indicated that channel
deepening was the only positive way of reducing the backwater con-
dition in the vicinity of the South Street bridge and Building 11.
However, replacement of the north pier footings of the overhead
South Street bridge was found necessary to prevent the undermining
of the existing pier by the channel excavation. Attention is invited
to Plates Nos. 3 and 5 for plan and typical sections of proposed
improvements.
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Alternate proposals for the channel widths and depths were
thoroughly investigated as were plans for different types of con-
crete wall construction. The most practical and economically
-justified solution to the problem resolved to be a combination of
controlling streamflows upstream of the existing dam by means of
an earth dike and construction of appurtenant concrete walls, and
downstream channel excavations and improvements,

Q. PROPOSED IMPROVEMENT
33. GENERAL DESCRIFPTION

The proposed plan for flood protection of West Warren Indus-
tries is indicated on Plate No. 3. The plan includes the following:
a dike and gated flood wall upstream of the existing dam; construc-
tion of concrete buttress walls to protect Buildings 7 and 11; re-
moval of the existing stone arch bridge, and removal and replace-
ment of an oil pipeline bridge by a new bridge with adequate channel
clearance; rock and earth channel excavation with rock protection
along bank slopes and channel bottom; and the replacement of the
South Street bridge pier footings along the north bank of the river to
permit channel deepening at this critical location,

34. DIKE

The upstream impervious fill dike, to be constructed on the
left bank of the river, will be approximately 390 feet long. The dike
will have a top elevation of 544.5 feet m.s.l., beginning at grade at
its easterly end and terminating in a concrete flood wall at its
westerly end. The river side of the dike will have a 12-inch layer
of rockfill resting upon 12 inches of gravel covering an impervious
fill section. The landward slope will be topsoiled and seeded. Poor
soil conditions in the vicinity of the dike necessitate stripping of
& inches of topsoil., In addition, the pcrosity of the existing fill
material behind the existing stone wall necessitates a 6-foot imper-
vious cutoff trench to prevent geepage. A cross-sectional view of
this dike is shown on Plate No. 3.

35‘-.;%‘CONCRE TE FLOOD WALLS

The proposed plan of improvement includes three flood walls.
One flood wall is located upstream of the existing dam, and two
separate flood walls are located in Buildings 7 and 11. The walls,

21



as indicated in plan on Plate No. 3, are as follows;

a. The upstream reinforced concrete T-wall {see plate No, 5)
is utilized to tie the dike to the east wall of Building 7. The T-wall
‘has a top elevation of 544, 5 feet, m.s.l., and is provided with two
gated openings 4 feet wide by 5 feet high, which will permit water
regulation to the existing intake. The flow through these new sluice
gates is channeled to the existing intake gates by means of a 12-foot
wide open culvert. This culvert will be approximately 45 feet in
length with an invert elevation of 529. 0 feet m.s.l. The new stone
walls of this channel will utilize rock taken from the demolished
stone arch bridge. The foundation material for these walls will
be similar to the gravel fill material to be placed in the inclosed
area as shown on Plate No. 5. The gravel fill will have a top ele-
vation of 538. 0 feet m.s.l., with a slight pitch in grade away from
existing walls toward the new culvert., A concrete chamber will be
provided at the new gates to accommodate stoplogs to permit
repairs or maintenance on the gates. The T-wall has a top of slab
elevation at 520 feet, m. s.1l., for its enfire length in the river. In
the last 20-foot length, where the wall ties into the new dike, the
wall will step up in four 3-foot increments, placing the top of the
slab of the last 5-foot section at elevation 532, 0 feet, mean sea
level,

b. A second wall is located on the interior of the north wall'
of B{filding 7 and follows. along its entire length of 350 feet. This
concrete buttress wall will reinforce the existing brick exterior
wall against the standard project flood of 11,000 c.f, s, Attention
is invited to the profile shown on Plate No. 4 of this report.
Additional height in the wall is provided to allow for a freeboard
zone of from 2 to 2.5 feet, The top elevations of the wall vary:
from 531.0 m.s.l, at its upstream end (east} to 529.0 m.s.l. at
the downstream end (west). The wall is set into fill two feet below
the existing floor élevation of 526. 6 feet m.s.1. A toe drain and
6-inch perforated pipe will intercept and control seepage.to prevent
any structural damage to the floor slab, '

c. An interior concrete buttress wall similar to the wall
described in paragraph b above is incorporated on the north side
of Building 11 to provide_protection against the flood profile as
shown on Plate No. 4. The wall, with a top elevation of 528.5
m.s.l., will run for a length of 70 feet and will provide a mini-
mum of 2.5 feet &f freeboard.
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36, CEANNEL IMPROVEMENTS

The major features of channel work will occur downstream of
the dam, The work will include deepening and widening of the
existing channel, and rock protection along the new bottom and
side slopes. A new channel bottom width of 60 feet will be pro-
vided between stations 8+00 and 12+50. The channel excavation
will have a maximum depth of 2.5 feet below its present bottom.
Upstream of station 8+00 the channel bottom width varies from
60 feet to about 110 feet at the foot of the dam. Stone protection
along the right bank between the dam and the site of the existing
three span stone arch bridge, is to be placed on a slope of 1 verti~
cal on 2 horizontal, Stone will also be placed at a 1 on 2 slope on -
the left bank in order to channelize flood flows and to afford protec-
tion to the foundation of Building 7. Downstream of the site of the
stone arch bridge, owing to space restrictions from existing struc-
tures, bank slopes will transition from the 1 on 2 slope to a 1 on
1.5. The transition will be completed in the 100-foot distance
between Stations 8+0 and 940. Downstream of Station 9400, the
banks will have a 1.0 vertical on 1.5 horizontal slope extending to
the limits of the project. Anticipated flood velocities of up to 14
feet per second dictate a minimum cover stone of 1,000 pounds on
the bank slopes. Stone paving of the channel bottom will utilize 500-
pound minimum weight for a distance of 700 feet between stations
5+50 and 12+50. In the vicinity of stations 15 through 17, there are
numerous boulders obstructing channel flow. These boulders will
be removed. Three slope projections in this vicinity will also be
excavated and provided with a rockfill cover on the new slopes. The
details for stone protection are more fully covered in paragraph 40,

37. BRIDGE PIER FOOTING

In order to meet the hydraulic channel requirements, a major
construction feature of this project involves the replacement of the
existing north pier footings of the South Street bridge with a new
concrete footing 38 feet long by 14 feet wide. The height of the pro-
posed concrete footing will be 25 feet with a bottom and top elevation
of 508, 0 and 533.0 feet m.s.1l,, respectively. The proposed chan-
nel bottom in this area will be at elevation 514 feet m.s.l,, whereas
the estimated bottom of the existing footing, as established by founda-
tion test pit, is at elevation 518, This required elevation would
undermine the existing footings.
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The two bridge spans which the existing piers support will be
underpinned and braced by temporary trestles during the construc-
tion of the new pier footing. All vehicular traffic will be detoured.
Steel sheet piling utilized as form work for the new concrete footing
is required to stabilize the existing embankment and prevent under-
mining of the railroad tracks during constructiom. The cost of this
work is currently estimated at $40, 000 which is recommended to be
considered as a Federal cost. Reference is made to EM 1120-2-
101, page 65, paragraph 1-84, h {2), which states:

(2} Piers - When deepening of channels below footing's of exist-
ing bridge piers is required, the piers may be reinforced, under-
pinned or reconstructed by the Federal Government, provided it has

. been released from any claims for damages, "

Prior to start of construction on railroad property, formal assu-
rances from the New York Central Railroad Company to release the
Town of Warren from any claims for damages, will be obtained, A
letter of intent, indicating that the New York Central Railroad is
willing to cooperate with the Town in the Proposed Local Protectlon
Project is included in Appendix C of this report,

38. BRIDGE REMOVAL AND REPLACEMENT

The plan of improvement calls for the removal and mod1f1cat10n '
of three existing bridges which cross the pua.boa.g River at the proj-
ect site in order to eliminate the channel obstruction which they pre-
sent. '

Of the three bridges, the three~span stone arch br1dge repre—
sents the major obstruction to channel velocity. During the 1955
flood, a backwater condition at this bridge contributed to fleoding of
Building 7, Obstruction was partially due to the snagging effect of
the piers, and the restricted area afforded by its arches. This
bridge, which was utilized principally as access to the oil storage
tanks will be removed and, in accordance with the wishes of local
interests, will not be replaced. The removal of the bridge will be

accomplished by West Warren Industries, in agreement with the

Town, Stone salva,ged from the bridge will be made available for
use in the constructlon of the channel walls upstream of the existing
structure,
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During the August 1955 flood High water flowed over the oil
pipeline bridge and the abandoned steam line and support. The oil
pipeline bridge is supported by a stone pier at its center while the
steam line is hung from a cable with a clear span from bank to
bank. Both the pipeline bridge and the steam line will be removed
by local interests. A new utility bridge will be constructed by
them which will provide sufficient channel area to safely pass the
design flow. :

39, BEYDRAULIC DESIGN

a. General, The water surface profile for the standard proj-
ect flood (11,000 c.f.s.) is shown on Plate No. 4. The profile was
computed by conventional backwater methods as described in EM
1110-2-1409, 7 December 1959, Backwater Curves in River Chan-
nels. Starting elevations were taken from discharge rating curves
at selected stations developed from recorded high water data. For
hydraulic analysis, the project area was divided into two reaches
separated by the West Warren Industries dam, which is a hydraulic
control at all river stages investigated. A roughness coefficient of
0.035 was assumed throughout the reaches. Additional losses were
assumed for the effect of turbulence and impact where considered
applicable, particularly in the curved channel section downstream
of the dam. An attempt to analyze the hydraulics of the river as
experienced during the August 1955 flood proved unsuccessful due
to lack of channel information and subsequent changes by local
interests,

b. Upstream of dam. The water surface in the prpject reach
upst;eam of the dam was determined by backwater computations
starting from the dischafge—ratihg curve at the dam. The design
water surface elevation varies from 541. 6 at the dam to 541. 8 at
Station 0+00, about 450 feet upstream. The backwater computations
show that the velocity will range from about 4 to 12 feet per second
along the flood wall to about 4 feet per second along the dike. The
top of dike and flood wall elevation was selected at 544. 5, which will
provide a minimum freeboard of 2. 7 feet above the standard project
flood profile, '

c. Downstream of dam. Hydraulic investigation revealed that
removal of the primary obstructions, the stone arch and oil pipeline
bridges, alone would not sufficiently reduce the water surface pro-
file and must be accompanied by channel deepening and widening,
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particularly in the vicinity of Sputh Street bridge and Building 11,
Local interests have agreed to remove the stone arch and oil
pipeline bridges and will replace the latter with a more adequate
structure. Studies indicate that the most feasible plan for improve-
ment in the vicinity of South Street bridge will necessitate excava-
ting the channel a maximum of 2.5 feet and reconstructing the
existing piers on the right bank. The improved channel will have

a minimum bottom width of 60 feet and will be protected by stone
riprap. Backwater computations indicate that the velocity will be
relatively high between the dam and Station 12+50, varying from 13 -~
to 16 feet per second. Below Station 12450 the channel has a much
larger cross section and the water will decelerate; The channel
invert will be provided with stone paving between Stations 5+50 and
12+50.  The side slopes between Stations 4+50 and 17+00 will be
protected by rock to a minimum height of three feet above the
design water surface, including superelevation. The design water
surface will be superelevated about 1.5 feet in the curved section
between Stations 8450 and 12+20, A low dike will be required on
the left bank between Stations 9+00 and 11420 to prevent backflow
into the mill area. . Numerous large boulders will be removed from
the channel near Station 5+00 and 15+50 to reduce tailwater effect
and improve gravity flow from the interior drainage system. The
exposed riverside walls of Buildings 7 and 11 wiil be reinforced
with interior concrete buttress walls to a height of 2.0 to 2.5 feet
above the design water surface profile.

d. Channel protection. Hydraulic Design Charts 712-1 and -
712-1/1 in the data book of Hydraulic Design Criteria were used as
guides in the selection of stone riprap protection for the channel
invert and side slopes. 1In general, the USBR Curve shown on the
above chart was used to determine minimum stone weights at
critical locations. Slope protection for the dike upstream of the
dam will be provided by rockfill. The heel of the flood wall imme-
diately upstream of the dam will be protected from undermining
by stone having a minimum weight of 500 pounds. Below the dam,
where average velocity will vary from 13 to 16 feet per second,
slope protection will be provided by stone ha.vmg a minimum weight
of 1,000 pounds. The channel invért in this reach will be paved
with stone having a2 minimum weight of 500 pounds.
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40, GEOLOGY, FOUNDATIONS, EMBANKMENTS AND MATERIALS

a. Site Geology. In the project area the river flows through
deposits of glaciolacustrine and outwash sands and gravels which
formerly choked the Quaboag Valley and lower reaches of many of
the tributary valleys. At present, remnants of these deposits are
represented in low, erosional terraces adjacent to the rivers.
Downstream of the West Warren Industries Dam, the river bed is
filled with cobbles and large boulders. Granitic bedrock outcrops
just above river level on the left bank a short distance downstream
of the project limits.

Geological reconnaissance of the project and adjacent areas was
made in connection with site studies and materials surveys. Subsur-
face explorations included five (5) foundation drive-sample borings,
one (1) foundation hand auger boring and one (1) foundation test pit.
Two of the borings were made to determine subsurface conditions
at the dike site, two to determine the existing foundation conditions
along the right bank downstream of the highway bridge, one to de-
determine the nature of foundation materials at the site of the T-wall
and one to secure data relative to existing foundation conditions
beneath the large miill building‘s on the left bank just below the dam.
The test pit was dug to determine the nature and condition of footings
and foundations of the existing highway bridge over the railroad,

Overburden materials in the project area comprise a conglomera-
tion of fill materials, sands and gravels, glacial till, cobbles and"
boulders. The fill generally consists of silty fine to gravelly sand
and, in some places, contains layers of cinders and fragments of
wood, glass, brick, asphalt, concrete, etc. This material caps the
low terraces adjacent to the river to depths of 5 or more feet and is |
present to some extent beneath the floors of Buildings 7 and 11. The
sands and gravels which underlie the fill in the low terraces are for
the most part variably silty and rather pervious, though thin sections
of relatively clean and highly pervious gravels can be expected.

Such a pervious section may be present at a depth of 12 feet in the

left bank terrace upstream of the dam, upon which the dike will be
founded. In the dike area, the ground surface of which is some 4 feet
above river level, these terrace deposits and the overlying fill are
protected on the river side by a masonry wall, Elsewhere in the
project area the riverward slopes are partially covered with dumped
material ranging from cobbles to large boulders. It is in and possibly
upon these terrace deposits that the piers of the highway bridge and
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the walls of Buildings 7 and 11 are founded. The terrace deposits
and the fill constitute the bulk of materials to be excavated in chan-
nel widening operations and in the reconstruction of highway bridge
piers. No rock excavation other than boulders and blocks is anti-
cipated. Sands and gravels similar to those in the terraces can be
expected to be present in the river channel throughout the project.
Downstream of the dam these materials are obscured by a pave-
ment of cobbles and boulders from 1 to 5 cubic yards in volume
and which constitute the bulk of channel deepening excavations.
Underlying the sands and gravels taroughout the project area is a
compact, sandy glacial till. The footings of Building 7 are believed
to be resting at least in part upon the glacial till which is overlain
by the aforementioned cobbles and boulders and fill,

The level of subsurface water in the project working area is

generally at river surface, To the south along the left bank terrace

upstream of the dam and to the north along the right bank upstream
of Station 10, the topography rises and groundwater levels can be
expected to increase accordingly.

b. Availability of construction materials. Within the limits
of the project several types of material will be removed. Required
excavation for the dike exploration trench, channel widening and
pier reconstruction are expected to produce silty, gravelly sands
containing many ccbbles and some boulders, Channel deepening is
expected to produce materials varying from entirely cobbles and
boulders from Stations 5 to 8 and 11 to_‘14, t0 a coarse mixture of -.
sand, gravel, cobbles and boulders between Stations 8 and 11, The
stone arch bridge when dismantled will produce a sizeable quantity
of rough-cut blocks measuring 12 to 18 inches in thickness and
weighing between 500 and 2,000 pounds, '

‘ Glacial #ill occurs as a thin and spotty mantle on the tops and
upper slopes of the hills in this region. Limited amounts of silts -

- are present in the lacusirine deposits but generally occur in thin

layers or pockets or are overlain by relatively thick sections of
silty sand and gravel. So-called ''dirty' sands and gravels are
available in large deposits throughout the area. One such deposit,
although bouldery, is present near the bottom of the left slope of
the valley immediately upstream of the project, Some quantity Ts
also available in a knoll west of Station 10 on the right bank.
However, large blocks, possibly bedrock, are exposed in this
feature,
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Gravel occurs in several deposits within 15 miles of the site,
although the nearest commercial pit is in Ware, 5 miles away. The
nearest known undeveloped deposits are just south of Warren on
Route 19. It is expected that the local deposits are of limited quan-
tity and gravel content. The existing commercial operations in
Ware, Brookfield, Wilbraham and Ludlow produce gravel by crush-
ing and/or washing and blending. Both pit-run material and concrete
aggregates can be produced. Aggregates from a number of nearby
sources have been tested and appreoved for use in concrete for civil
works construction. '

Quarry-run and crushed stone for aggregate are produced in
Westfield and other quarries 35 miles or more from the site. Large
piles of wasted quarry-run type rock occur adjacent to the Massa-
chusetts Turnpike, just south of West Warren, and in an abandoned

_quarry in Monson some 10 miles from the project. Cut stone is pro-

duced in Uxbridge which is 50 miles from the site.

c. Foundations, embankments and slopes - general. Founda-
tion conditions for the proposed structures were determined by the
explorations described above, by visual examination at the site and
by information supplied by West Warren Industries personnel,
Samples from the borings and test pit were examined in the labora-
tory and mechanical analysis and Atterberg Limits tests were per-
formed on typical samples. A record of explorations appears on
Plate No. 4 and a summary of laboratory test data is ahawn on

- Plate No. 5-1 included in Appendix A.

d. Dike. The dike is a low earth structure 390 feet long and

" is shown in plan and section on Plate No. 3.

The foundation is a heterogeneous mixture of sand, gravel, silt
and non-earthen but substantially stable substances. From explora-
tions FD-1 and FA-1 it may be seen that at least the top five feet is
man-made fill ranging from loose silty gravelly sand to moderately
compact sandy silts and contains minor amounts of brick, glass,
cinders and metal, The fill may be as thick as 10 to 20 feet since
prior to the establishment of the Industries, the bank was probably
south of the existing bank; and since the samples from FD-1 appear
to indicate fill down to Elev. 527 which is the general river bottom
grade in that vicinity. The upper portion of the fill is retained
along the river by a wall of uncemented cobbles and small boulders,
Subsurface water is approximately at river level.
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Tl}\e embankment, which will be a maximum of 7 feet above
existing ground, has been designed without computed analyses to
provide a conservatively safe structure, The dike section has been
based on utilizing fairly well-graded non-plastic gravelly silty sand from
local deposits containing, based on‘the minus No. 4 sieve fraction,
between 20 and 50% finer than the No. 200 sieve, The impervious _
fill material will be obtained from a Contractor's selected borrow source, *
Any earth material excavated for the foundation cut-off free of ashes
and debris which meets the gradation specification may be used as
impervious fill material.. If such material is more pervious
than the specified, it will be placed on the dike embankment on the
land side of the centerline. The fill material will be compacted with
small rubber-tired rollers or crawler tractors to at least 95% of
Standard Proctor. Slopes of l on 2 are considered to be satisfactory
for stability, Seepage through the embankment will be negligible but.
the variable nature of at least the top five feet of the foundation and the’
possible existence of abandoned pipes necessitates the provision of
a six foot deep exploration trench, It is intended that the trench be
excavated by back-hoe and be backfilled with the same material as to
be specified for the embankment. Compaction of the trench fill will
be provided by placing friable matezials and rolling the surface with
the tracks of a crawler tractor. No detrimental settlement of the .
foundation or embankment is anticipated. Slope protection on the
riverside will be provided by a 12-inch layer of quarry~-run type stone
having an average size of 30 to 50 pounds., This size conférms to
the minimum requirements in CWEB 52-15, A 12-inch layer of bank
run gravel will be used as bedding. The gravel will be graded to
prevent movement of bedding or impervious materials and will contain
at least 50% retained on the No. 4 sieve and of the component passing
the No. 4 sieve, less than 15% finer than No. 200 sieve. Both the rock
“and gravel will be supplied by the contractor.

The wrap-arcund section will be composed of compacted and
uncompacted impervious fill on the riverside, and uncompacted gravel @
fill and compacted impervious fill on the landside, as shown on '
Sections 1-1 and 4-4, Plate No. 5. The wall extends into the top
of the embankment a distance of 10 feet, This distance plus the
distance provided by the 1 on 2 embankment slopes provides ample
embedment for seepage control, considering that the maximum hydraulic
head on the structure will be 7 feet, The zone of "uncompacted"
impervicus fill below Elev. 592 is contiguous with the cover over
-the heel of the new wall. The contractor will be required to place
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the uncompacted fills in layers of 12" or less, and it is considered
that compactive effort from placing and hauling equipment will
preclude the necessity for specifying hand compaction and will
consolidate the fills sufficiently to prevent future detrimental settle -
ment, Al on 4 slope has been provided from the end of the wall
eastward to facilitate passage of vehicular equipment and compaction
from Elev, 529 up. Erosion control at the wrap-around toe consists
of rock fill over gravel bedding extending at least five feet into the
river channel. Soft river sedirments will be removed before placing

the gravel bedding.

In order to protect the existing retaining wall and to prevent
any new permanent loads being imposed upon it, the dike toe has
been set back approximately two times the estimated free height of
the wall above the solid river boitom. Also, the contractor will not
be permitted to operate heavy equipment on the riverside of the dike -
upstream of the pumphouse.,

e, "T" Wall, The "T'" wall, as shown on Plate No. 5, is 120
feet long, about 25 feet high, and contains five substantially different
monoliths, ‘

The general soil conditions in the river section of the proposed
wall, as estimated from boring FD-2 and by probing and observation,
consist of about one to six feet of loose organic river-deposited
sand and gravel overlying about five feet of compact alluvial-like
gravelly sand, which in turn is underlain by compact gravelly silty
sand glacial till. The foundation conditions for the section south of

the existing retaining wall are believed to be approximate, as described -

for the dike in subparagraph d above. Affecting the design and
construction of the wall are the following existing structures: the
foundation wall of Building 7, which is estimated to extend to about
Elev, 51l8; the darm and south abutment, details of which are not
known; an underwater retaining wall reportedly aligned between the
northeast corner of Building 7;:and the pumphouse upstream of the
new wall; and the gate and headrace structure,

The new wall has been designed in accordance with the Flood
Wall Manual and Change 2 thereto. In consideration of the assumption
of a crack in the soil over the heel, calculations, using the formula
on page S-10, indicate that the wall will move less than 0.1l-inch
under repetitive loading. In accordance with paragraph S-12, 5 feet
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minimum of granular non-cohesive impervious cover has been
provided. The material will be the same as specified for impervious
fill for the dike. Under those conditions, it does not seem probable
that a crack will occur, but the design has been based on full
hydrostatic pressure to the bottom of the heel except as discussed-
below. ‘ ‘ - ‘

In order to obtain the minimum required earth cover over the
heel, the wall will be founded at Elev. 518 or about 7 feet below what
is considered to be the average grade of the river bottom.

The soil immediately below Elev. 518 is a compact alluvial
silty gravelly sand containing in the order of 10% fines and/or _
compact gravelly silty m~f sand glacial $ill containing in the order of
35% fines. It is estimated that the sand layer is not greater than
three feet in.thickness below Elev. 518 and at the location of
Boring FD-2 is one foot thick. The sand layer is underlain by the
glacial till. The till is essentially infinite in depth and increases
in compactness with depth. For the purposes of this design, it is
considered that both layers are infinite in areal extent. Estimated
permeabilities of the alluvial sand and the till are 10 and 0.1 x 10-4
cm/sec, respectively., Shear strength {S) have been taken as § = 30°
and c=o for both materials. Settlement will be negligible under the
‘proposed loads. Allowable bearing pressures are estimated to be
at least 3000 psf. : '

Control of seepage is necessary %o insure stability of the new
wall and to prevent possible damage to Building 7 under the design
loadings. A five-foot minimum impervious cover has been provided.
riverside of the wall, and combined with the natural river materizls
forms an impervious zone extending upstream. At the toe, a large
pervious section will be construcied with a width of four feet at
the contact with the natural foundation soils. The pervious section
will be composed of gravel or gravelly sand containing, of the
compenent passing the No. 4 Sieve, less than 10% finer than the
No. 200 sieve. Perforated BCCM pipes, which will be installed in the
pervious section at' Elev. 529, will prevent the new construction
from increasing the water surface level against the existing foundation
wall of Building 7 and will maintain the water level downstream of
the new wall tc that in the new channel. The pipes will be surrounded
by 6 inches of 3/4-inch concrete aggregate (filter gravel). Piping
at the toe of the new wall will not occur. It is obvious, except behind
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the gate structure, considering the dimensions and existence of the
pervious section and that the material will be more pervious than the
foundation, that the factor of safety is well over the required 2.0,

If the following very conservative assumptions are made for the
section in the gate monolith:

(1) No upstream earth cover above the foundation elevation;

 {2) The foundation soil consists of silty gravelly sand 3 feet
thick overlying relatively impervious glacial till;

(3) The permeability of the upper 3 feet of foundation soil is the '
same as the material in the downstream pervious section; -

the excess pore pressure, due to seepage at the toe of the base when
the maximum possible differential head of 15.5 feet occurs, will be
less than 3,0 feet of head, which will be counterbalanced by 11 feet of
submerged gravel and rock paving. For this condition the factor

of safety against piping is greater than the required 2.0, To insure
that no movement of the gravel fill occurs at the surface due to
variations in the material, the bottom of the channel for a distance
of 15 feet will be paved with closely laid cut stone, which is available
at the site and will be the same as used in the channel walls. ’

Analyses for stability against sliding were made for Section 2-2,
Plate No. 5 which is typical for 40 feet of the wall and is the most
critical section except for Monolith 3, which is the gate structure.
Two loading conditions were considered: (a) landward sliding with
flood water to the top of the wall, the gates closed and tail water
to the channel invert; and (b) riverward sliding with gates open
and normal water levels, Since the foundation may be glacial till ora
thin sand layer over glaéial' till, both foundation conditions were '

"considered, The thin sand layer case was found in a preliminary

trial to be more critical and, therefore, has been used for all the
analyses. The analyses were made assuming a crack in the soil

over the heel. The results of an analysis, as sumlng no-crack, indicated

that the assumption relative to the crack would have no s1gn1f1cant
effect upon the results. The method of planes, assuming a sliding
block and a passive wedge, was used in all analyses. The flow net
and computations for each case are included in Appendix A of this
report, Section 2-2 has factors of safety of 5.1 against landward
sliding and 3.4 against riverward sliding. Monodlith 3 was analyzed
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for landward sliding only and has a factor of safety of 2.5, con-
sidering that passive resistance due to the surcharge weight of the
new channel walls and gravel fill over the passive wedge will be
developed.

f. Interior walls. Inside Buildings 7 and 11, "L" buttress
type walls and subsurface drains have been designed, as shown
in plan on Plate No. 3 and in section on Plate No. 5.

The foundation materials in both buildings are fills at least
four feet thick. In Building 7, the fill probably consists of variable,
loose layers of gravelly sand, sandy organic silt, cinders and brick
. fragments and silty sandy gravel. The samples from boring FD-3
indicate the fill to be at least 9 feet thick at that location. A test
pit at the north wall of Building 11 showed the fill to be four feet of
gravelly sandy silt overlying what appeared to be alluvial gravelly
sand, natural ground, Little variation is expected in the foundation
conditions of Building 11. The foundation walls along the river are
mortared stone and contain a number of drain pipes and openings
below the elevation of the Standard Project Flood. "

Although the exact nature of foundation soils for the new walls
is not known, it is anticipated that suitable bearing will be obtained
at the elevations shown, Provisions will be made to extend the foot-
ing, if very soft or otherwise unsuitable material is encountered.

To decrease the possibility of damage due to seepage and uplift on
the floor, a subsurface drainage system is provided and any observ-
able openings in the exterior of the existing foundation walls will be
mortared and flap gates will be installed on the drains. A perfora-
ted pipe will be installed and surrounded by 6 inches of 3/4-inch con-
crete aggregate (filter gravel), Six inches of concrete sand (filter
sand) will be provided as a filter between the soil and the filter
gravel. Subsurface drains will be piped to new manholes in the
buildings. Portable pumps will pump and discharge seepage water
into the river, '

g. Stone protection. The channel slopes and bottom will be
protected with riprap as is shown in plan on Plate No. 3 and in sec-
tions on Plate Nos. 3 and 5.

Riprap paving has been provided for erosion control and to main-
tain a smooth condition from the dam downstream to Station 12+50and
above the right abutment of the dam, Stone sizes were selected on the
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basis of velocity as shown in paragraph 39. One thousand pound
minimum stone will be used on the side slopes and apron, and 500
pound minimum stone will be used on the bottom. Blasted or cut stone
will be permitted. For the side slopes and apron, it will be specified
that the stone will be roughly rectangular or cubical in shape; the
maximum length will be less than three times its least dimension;
the voids greater than three inches in minimum dimension shall

be chinked; and that the finished layer will be 18 to 24 inches thick.
Such material and constructicd is common in the area as they
essentially conform to the Massachusetts State Specification for
Slope Paving at Bridges, For the channel bettom the same shape
requirements will apply, but no chinking will be required and the
layer will be 12 1nch#s minimum. A bedding of bank-run gravel,

as specified in sub q,ra.graph d above, will be used except where
the natural foundat on meets the bedding requirements. It may be
noted that during i:}p.e highest.flood stages, water will flow around
the dam, down thé yailroad tracks, and over the slope downstream
of Station 4+50, It can be expected that some damage to the

slope protection will occur, since the entire area will not be paved.
The rock sldpe protection has not been extended to the railroad
tracks due to interference to normal track drainage as afforded

by the existing ballast sections and excessive costs resulting from
required railroad operation during construction. In additionstone.
protection in the upper reaches would be effective only durmg
extreme flood stages,

Between the existing mortared cut stone abutment wall of the
dam and the railroad tracks, from Stations 3 to 5, is a fill composed
of, as observed from the surface, a mixture of gravel, wasted
crushed stone ballast and boulders. Despite the apparent coarseness
of the mass, erosion has taken place to the extent that several blocks
in the downstream end of the wall have been washed out. In order
to protect against further erosion during flocds approaching the
design flood, an apron of 1000-pound minimum stones will be provided.
Some fill will be required behind the wall at about Station 4+50, and
it is proposed to uge ma,femal excavated from the channel. The
existing foundation material will serve as bedding. ‘

h. Channel side slopes. The side slopes have been selected as
the flattest possible within the areal limitations imposed by channel
width and existing facilities, and consistent with providing reasonably
stable foundations. Plate Nos. 3 and 5 show the slopes in plan and
section.
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On the right bank between Stations 4450 and 8+00, the top one to
two feet of existing bank is composed of a mixture of sand, gravel,

" and cobbles dredged from the river and a few rock blocks. The

materials at depths to which excavation will be carried are believed
to be of the two main types. One, roughly above the level of the
existing channel bottom, is rock blocks dumped into a large eroded
area created by the 1938 flood. The second, below river bottom
and in the slopes between about Stations 7 a.nd 8, is expected to be the
natural soil, gravelly silty sand. During- perlods of heavy
precipitationand high water, it is expected thai some seepage exits
through the natural socil slopes. Al on 2 slope has been selected

to insure stability considering the types of materials, the railroad,,
and the probability of significant quantities of water flowing down
the slope during the highest flocds,

The right bank bétween Stations 8+00. and 10+00, as indicated by .
the samples from boring FD-l and test pit FT-~],contains soils
varying from gravelly silty sand to silty sandy gravel. No sub-
surface water was encountered, However, the t0pography and
geology to the North indicate that groundwater can be' expected to.
occur in the slopes during periods of high water and heavy
precipitation. Within this reach are the bridge piers which will be
reconstructed and the most critical portion, hydraulically speaking,
of the channel. "The 1 on 1.5 slope was selected on the basis of space
limitations. As shown on Section 5-5, Plate No. 5, the required
excavation will remove a considerable quantity of material from the
riverside of the railroad. In order to obtain a moderate increase in
stability, considering that seepage will occur, a rock fill layer bas
been provided. The contractor will be required to excavate and
place protectlon stone in 50 foot reaches in order/to minimize
exposure of the raw ! on 1 slope, Gravel bedding will be prov1ded
in this entire reach, ‘ Lo '

From Stations 10+00 to 13400 on the rig’ﬁt bank, , the soils vary
from silty gravelly' sand to gravelly sandy silt. Based on the topography
and geology, it is believed that litile or no seepage will exit on the
face of the proposed slope. A1l on l.5 slope has been selected due
to space limitations and the impracticability and undesirable hydraulic.
conditions of transitioning for short reaches. Considering the type of

" soil and that no seepage will occur, it is believed the factor of safety

against shear failure of the slope will be greater than 1.0 but not the
desirable value of 1.5. There is a possibility that some maintenance
will be required as a result of local sloughing in this reach.
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The entire left bank consists of gravel, sand, cobbles and -
boulders. Al onl.5 slope is considered adequate for stability
based on the height of slope, the type o0f materials and seepage
conditions, except at Building 11 as discussed below. :

The foundation for Building 11, which is a 5-story brick wall
factory building located between Stations 8 and 9, has been analyzed
for stability to determine the width of berm necessary to provide
adequate foundation conditions, The soil profile is believed to-consist
of fill inside the foundation walls,as described.in subparagraph f
above; several feet of compact sandy gravel alluvial sand under,
the foundatmn, and compact glacial till below the alluvial layer.
The!/elevatlon of the top of till is not known, however, the failure
planie, as shown by the computations included-in Appendix A, is
considered to pass entirely through the alluvial layer. A shear
strength of §# = 359 and c=o tsf has been selected for the alluvial
layer, Stability analyses were made by the circular arc method
and by use of Terzaghi's bearing capacity forrnulae. The dimensions
and elevation of the selected berm, as shown on Plate No. 5 and by
the computations included in Appendix A, are the result of these
analyses. The factors of sa.fety obtained by the circular arc method

" for the final and construction conditions are 1, 62 and 1)5]1 respectively.’
- The analysis for the final condition, with the river at th}a critical
Elevation of 520, and for the constructlon con6.1t1cm are shown on the
computation pages 1ncluded in Appendix A, To further insure

stability during construction, provisions will be made for careful |
excavation operatlon and the immediate placement of the riprap
paving.

Sl - .

A berm has also been provided to insure adequate ifoundation _
conditions for the existing bridge piers just downstream of Building 11.
The nature of the loads on and the extent of the pier footings are not

‘known. No analysis has been made, but it is considered that a 7-foot
' berm at an elevation to which the footing is known to extend and a 1
on 1. 5 slope will provide satlsfa.ctory foundation stability.

i.~. i, Bridge £1er. In general, the existing soils in the vicinity oi'
the brldge pier are gravelly sands. with ccbbles and boulders.

Groundwa.ter mavy be encount.ered near the bottom of the excavation.

Allowable bearing pressures will be in the order of 3000 psf, and
no difficulty with settlement or sliding is anticipated. However,
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further explorations are considered necessary to determine the
conditions at depths to be affected by the construction of the pier and
underpinning of the existing bridge and provisions will be made for a
drive-sample boring during the plans and specifications phase.

Any necessary foundation stability analyses will be made at that time.

41, STRUCTURAL DESIGN

a, Purpose & scope. Thissection of the design memorandum .
presents the design criteria and basic data and a.asumpt:.ons used
" in the structural design of Tee and "L" shaped butiress walls and.
gate section. A brief description of the loading conditions and”
assumptions used is included to show the design procedure, Typlcal
computations are included showing the maximum conditions for
the critical walls, Additional computations following the same
procedure will be made wherever warranted by a change in loading
or a reduction in section.

b, Dg sig"n eriteria,

'i

(1} General. All a.llowa.ble working stresses conform to
those specified in the Engineering Manual EM. 1110-1-2101, ”Workmg
Stresses for Structural Design', dated 6 January 1958. Loading
conditions, design assumptions and other design criteria are based
on the following applicable parts in the Enginnering Manual for .
Civil Works issued by the Chief of Engineers* Standard Practice for
Concrete, Part CXX, October 1953 and Wall Des:i.gn, Flood Walls

Part CXXV, Chapter l, January 1948, Accepted engineering practice
has been employed in cases where the Engineering Manual for Civil
Works does not apply. '

{2} Concrete, The following table lists the concrete and
reinforced concrete stresses used in the design of these walls, In
each case, the Civil Works Manual exposure classification A
{applicable to structures subject to modera.tely severe weather
exposure) has been used.

Flexure ) Lbs. per Sq. In.
Extreme fiber stresses in compression: 1,050
Extreme fiber stresses in tension ‘ 60

{(Plain concrete)



Lbs, per Sq. In.

Shear - (v) 90

Bond - {u) Deformed bars

Top bars o 210
All others . 300
Modular Ratio - {n) 10

(3) Reinforcement

(2} Grade and Working Stresses. All reinforcement in
the walls, including temperature and shrinkage reinforcement, is
designed for the working stresses of new billet steel, intermediate
grade, deformed bars which is 20, 000 psi in flexural tension. ‘
The reinforcement shall conform to the requirements of Federal
Specification QQ-S- 632, Type II, Grade C and to ASTM A-305-
56T,

{b) Minimum Cover for Main Reinforcement

Bottom of Footing = . =4 inches
All other . 3 inches

The concrete covering, spacer rods and similar secondary
reinforcement may be reduced by the diameter of such rods,

{c} pacm% The clear distance between parallel bars
will not be less than 13 times the diameter of round bars except
that in no case will the clear distance between parallel bars be
less than 1 inch, or 13 times the maximum size of the coarse
aggregate.

(d) Splices. All splices will be lapped 30 diameters
to develop by bond, the total working strength of the bars. Splices
in the main reinforcement at points of maximum moment have heen
avoided in the design.

(e} Temperature and Shrinkage Reinforéement, | Temper-
ature and shrinkage reinforcement will be provided in slabs or walls
where the main reinforcement extends in only one direction. Such
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g

rgmforcement will provide for a ratio of steel area to concrete area
{bd) of 0,002 with a minimum of . 001 in each face up to a maximum of

46 bars ati2" c.c.

.(4) Increase in Normal Working Stresses. -There will be no
conditions under which working stresses will be increased,

_ (5) Waterstogs. Rubber or polyvinyl waterstops will be used
at all wall construction JOlntS. Waterstops will generally be of the

2 inch center dumbell type in the wall stem and the "U™ type in the
base slab.

c. Basic data and assumptions .

{1} Dead Loads. The following unit.-weights for material
have been used: ' ' '

Unit Weight (lbs/Cu. Ft.)

Material Dry - Saturated Moist Submerged: Ko o
Fill ‘ 115 135 13¢ 72.5 . . 406
* Fill " - 125 - 120 - 62.5 = -
Granite 145 - ’
Concrete (Plain and
Reinforced) - 150

‘Brick Masonry 120

*These values were obtained subsequent to preparation of all
computations except the Gate Sectlon and have been used only for

the Gate .Section.

(2) ;External Water Pressure. In cases where hydrostatic
pressure affects the design of a structure, it has been assumed to
act over the entire area in questmn under the full head available.

(3) Earth Pressure.- Earth pressure used égainst the -
structure has been determined in general in accordance with Part X,
Structural Design, Chapter 9, Retaining Walls.

i . .
{4} Earthquake Forces. Earthquake forces are considered

negligible and are not.included in the design,
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7 {5} Ice Pressure. Horizontal forces due to the expansion
of ice have been disregarded.

(6} Wind Pressure. Wind pressure on the wall is negligible
and has been disregarded in the design.

{7) Location of Resultant. In the investigations for stability
of the walls, the resultant of the horizontal and vertical forces has
been held within the middle half when flood is at the top of the wall
and within the middle third when the flood is within three feet of the
top of the wall.

(8) Factor of Safelty Sliding. A factor of safety against
sliding of at least 1. 5 has been obtained, :

(9) Bearing Pressure. The limiting bearing pressure is
3,000 lbs. per sq. ft. '

d. Wwall inve stigations

(1) Description

(a) Tee Wall. There is approximately 120 feet of Tee
Type Cantilever Wall extending from the end of the dike to Building 7.
This includes a center section with two 4' x 5' sluice gates which is
described in the next paragraph. The maximum Tee Wall Section
has a stem 26'-6" from bottom of base to top of wall and a base width
of 20'-0". A minimum of earth cover of 7'-0" has been obtained on
the riverside and 17'-6" on the landside. The founding of the bottom
of the base at this depth was necessary in order to reach firm
bearing. Because of the earth cover on the landside and the depth of
embedment, a key was found unnecessary.

(b} Gate Section. The gate section monolith is 25'-0"
long and contains two 4' x 5' sluice gates, The height of wall, and
base width match the adjacent Tee Walls. The amount of earth
cover over the base is 7'-0" on the riverside and 9'-0' on the
landside for the 12-foot width of the channel, Buttressess are
required on both sides of the wall stem in order to form the landside
channel and to provide for a stop log closure on the riverside.
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(c) "L" Buttress Type Wall Within Building 7. There
will be approximately 350%f an "L'' buttress type wall within the
basement of Building 7. This wall will be cast against the building
foundation and has been computed for stability discounting any help
from the building foundation. This wall is 6' high and has an
effective base width of 5'.

(d) "L'" Buttress Type Wall Within Building 11. The
north end of Building 1l requires approximately 70' of "L
buttress type wall similar to that in Building 7. The design of this
section is not included herein but will be S1m11ar to that in
Building 7. :

(e} New Concrete Bridge Pier Footing. The existing
stone bridge pier footing on the north side of the channel will be
removed and replaced by a new concrete footing. This will be
accomplished by providing temporary supports for the existing
steel bridge supports during the construction operation, The new
footing will be mass concrete and no special structural de51gn
consideration will occur.

(2} Loading Conditions

(2) Loading I - Channel full, water surface to top of wall.

Path of creep for uplift considerations, considered starting at the
bottom of the base slab and ending at the ground surface on the land-
side. Resultant to fall within the middle. half of the base.

{b) Loading II - Same as I except path of creep ending at

the channel bottom on the landside,

{c} Loading IIl - Same as I except water surface 3 feet
below the top of the wall and the resultant to fall within the middle
third of the base.

(d) L.oading IV - Same as I except water surface 3 feet
below top, path of creep ending at the channel bottom and the
resultant to fall within the middle third of the base,

(e} Loading V - Channel empty to gate sill and soil at

the back of the wall in a moist condition. Uplift considered uniform
across the base and the resultant to fall within the middle third.
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(3) Investigation results.

{a) Tee wall, The maximum bearing pressure was
found to be 2,919 lbs. per square foot under Case II, The base
width selected was such that for Cases I and II the resultant falls
just within the middle half and for Cases III and IV at about the
third point. Case IV was just outside the third point but was con-
sidered close enough to proceed with the selected width. The
steel reinforcement for the stem and base slab was determined
in the conventional manner,

{(b) Gaie section. The maximum bearing pressure
was found to be 2, 160 lbs per square foot under Case I. The
base width is the same as for the Tee Wall, The resultant under
Case I loading falls within the middle half and will be within the
middle third of the base for Case III loading. The design of the
wall and base slab will be accomplished as slabs supported by the
buttresses. The effect of the slab reactions on the buttresses will
be investigated to determine the buttress steel.

(c¢) "L" Buttress type wall, Because of the low
height and the shape of this wall, it was investigated for Case I
loading only. It was found that the bearing pressure was only 725
lIbs. per square foot and that the resultant falls just outside the
middle third. Steel reinforcement required is only nominal.

42, RELOCATION OF UTILITIES

The plan of improvement will require the relocation of over-
head power lines and six electric poles owned by the Worcester
County Electric Company. Four poles on the left bank upstream
of the dam are to be relocated behind the new dike., One pole on
the stone arch bridge is to be relocated to the right bank behind
the bridge abutment, and one pcle at the northwest corner of
Building 11 will be relocated to the South Street bridge. There
are no changes contemplated for existing sewer, water, or
drainage lines except for the construction of flap valves at cul-
vert and pipe outlets in the north wall of Building 7.

R. MULTIPLE-PURPOSE FEATURES

The West Warren Local Protection Project is designed solely
for flood protection and contains no multiple-purpose features. ‘



S. RECREATIONAL DEVELOPMENT

The plan of improvement is solely for flood protection and
contains no recreational features or fuiure developments for
recreation. '

T. ESTIMATES OF FIRST COSTS
AND ANNUAL CHARGES

43, GENERAL

Estimates of Federal and non-Federal first costs and annual
charges are given in Table 7. These estimates have been prepared
on the basis that local interests would bear the cost of the follow-

' ing: relocations and alterations to utilities, excluding gates and
valves required to seal off existing drain lines; removal and re-
placement of company-owned bridges; new intake gates and channel
walls; furnish all lands, water rights and rights-of-way necessary
for project construction including disposal areas; and operate and
maintain the project after completion. Unit prices used in esti-
mating costs are based on average bid prices for similar work in
the same general area. The prices are based on 1961 price levels
and include minor items of work which are not separately detailed
in the cost estimates.

44, BASIS OF COST ESTIMATES

Detailed cost estimates have been made upon the basis of a
design which would provide an economical and safe structure for
the particular site. Estimates of quantities have been made upon
the basis of neat outlines of the proposed designs and foundation
requirements. Both financial and economic costs were computed
as outlined in Corps of Engineers Engineering Manual 1120-2-104,

45. CONTINGENCIES, ENGINEERING, SUPERVISION AND
ADMINISTRATION ‘ .

To cover contingencies, estimates of construction costs have
been increased by 15 percent. The cost of future engineering and
design has been taken as 8. 6 percent of the construction costs. The
cost of supervision and administration has been taken as 7.9 per-
cent of the combined construction and engineering costs.
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TABLE 7

ESTIMATES OF FIRST COSTS AND ANNUAL CHARGES

LOCAL PROTECTION, WEST WARREN, MASS.

FIRST COST
{1961 Base)
FEDERAL : _
- Unit
Itemm - " "Quantity  Unit Cost ‘Amount
Site preparation _ : 1 Job L.S. $ 1,000
Stream control 1 Job L.S. 20,000
Excavation-unclassified ~ 1715,100 - c.y. $1.70 25, 670
Rock excavation ' 1,000 n 5.00 5,000
Impervious earth fill 2,400 n 2.00 4,800
Gravel bedding ‘ 3,700 " 3.00 11,100
Cover stone (1,000 1b) 2,400 " 11.00 26,400
Stone paving {500 lb) 1,700 H 10. 00 17,000
Rockfill 1,100 r 6.00 6, 600
Gravel fill - 1,300 H 3.00 3,900
Concrete walls 650 " 52.00 33,800
Concrete pier footing 370 i 30.00 11,100
Steel sheet piling 2,600 8. £, 5.00 - 13,000
Underpin & support bridge 1 Job = L.S. - 14, 000
Anchor bolts, plates & misc. 1 " B 500
Topsoiling & sgeeding 1 " om - 500
Pipe extensions & flap valves 5 Ea. 200.00 1,000
Remove and repair conc. floors 550 8.Y. 4.70 2,585
6" Perforated toe drain 400 - 1.f. 3.70 1,480
8" Perforated pipe 100 1. f. 2.20 220
"Portable pumps and hose 2 . ea. 600. 00 1, 200
Misc. drainage facilities 1 Job L.S. 900
Total . $201, 755
Contingencies, 15% - 30,245
Total Construction Cost $232, 000
_Engineering & Design 46,080 (1)

$278,080

Supervision & Admin, 21,920
Total Estimated Federal First Cost ' $300, 000

{1) Includes $26, 080 for prior and present reports.
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TABLE 7 {Cont. )

NON-FEDERAL

Item " Amount

New gates and channel ' -t $22, 000

Remove and replace oil pipeline brldge co 10,000

Lands o 5,000

' Remove stone arch brldge S .. 5,000

Relocate power line and poles ' o . .-2,500

Remove steam line and support 500
Total Estimated Non-'Féderal First Cost $ 45, 000

Total Estimated Project First Cost $345, 000

. ANNUAI? CHARGES

FEDERAL

Interest (2. 625% x $300, 000} $ 7,900 o
‘Amortization (. 989% x $300,000) 3,000 . .
Total Federal Annual Charges $10,900 -
NON-FEDERAL
Interest (4% x $45,000) . $1,800
Amortization (. 655% X $45 000) : 300
Mamtenance o ' - 400
Total Non-Federal Annual Charges | 2,500
Total Annual Charges _ o a $13,400

Beneflt Cost Ratio = $l7 400 = 1.3 to 1.0
13 400 ‘
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46. BASIS OF ANNUAL CHARGES

The estimates of financial and economic annual charges
were based on the use of public funds for the total investment
over a period of 50 years. Federal annual charges include
2, 625 percent of the total investment for interest and 0. 989
percent for amortization. Non-Federal anhual charges include
4,0 percent of the construction investment with 0, 655 percent
for amortization plus maintenance costs. The non-Federal
interest rate was determined after an investigation had been
made of the borrowing power and repayment ability of cities
and towns in the Chicopee River basin, Maintenance charges
were based on the particular site conditions and previous ex-
perience with similar projects,

U, ESTIMATES OF BENEFITS

Average annual flood damage prevention benefits, taken
as the difference between average annual losses under existing
conditions and those losses remaining after construction, amount
to $17,400, It is not anticipated that the project will result in
any increased utilization of enhancement benefits. Details of
the derivations of benefits are set forth in Appendix C,

V. COMPARISON OF BENEFITS AND COSTS

Average annual benefits for the West Warren Local Protec-
-tion Project are estimated at $17,400 and average annual costs
are estimated at $13,400, The resulting ratio of benefits to cost
is 1,3 to 1,0, ' '

W. PROJECT FORMULATION AND
ECONOMIC JUSTIFICATION

The Division Engineer finds that severe floods have caused
extensive damages to the lands and structures along the Quaboag
River in West Warren. He concludes that a plan of improvement
consisting of dikes, flood walls, channel excavation, removal of
existing bridge restrictions, modification to one bridge pier, and
stone slope protection would adequately protect this area against
future flooding, Projdct formulation resolved itself into only one"
plan of protegtion which had not only economic justification but
also afforded construction feasibility and compatibility with
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buildings in the area, Protection can be provided most suitably by
the plan as submitted herein for approval.

The major feature considered in the formulation of various
alternate plans of protection concerned improvements in the vicinity
of Station 940, This critical area is bounded on the left by the cor-

‘ner of the five-story Building 11 and on the right by the north piers

of the overhead South Street bridge. In order to make effective

_improvements upstream of the dam, and to sufficiently reduce tail-

water conditions downstream of the dam so as to relieve hydraulic
pressures from inducing failures to the north walls of Buildings 7

and 11, it was necessary to increase the channel area at this location,
Channel deepening and widening along the right bank of the river was
found to sufficiently reduce flood profiles to a level whereby interijor
buttress walls could sustain hydraulic pressures. The construction
of higher flood walls on the outside of Buildings 7 and 11 resulted in
an uneconomical alternate plan, owing to much greater volume of
concrete and delicate construction procedures involved in the shoring
of existing buildings.

Channel excavation along the right bank does, however, neces=-
sitate the removal and replacement of the stone rubble piers of the
South Street bridge. .Detouring of highway traffic and temporary
_underpinning of the bridge deck will be required to successfully
‘install a new concrete pier as shown on Plate No. 5. Total project
costs of the recommended plan are estimated at $345,000, of which
$300, 000 represents the Federal share and $45, 000 the non-Federal
share, The plan of protection will yield average annual benefits of
$17,400 as against annual costs of $13, 400, producmg a benefit-to~
cost ratio of 1.3 to 1. 0

X. SCHEDULES FOR DESIGN AND .CONSTRUCTION
47. DESIGN

It is estimated that preparation of contract plans and specificaQ
tions for the project will require 6 months. The estimated cost is

$20, 000,

48, CONSTRUCTION
Construction of the project can be accomplished under a single

contract to be completed in a 10-month period. All funds for the con-
struction of the project will be requested upon evaluation of bids
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received., Federal expenditures are estimated as follows:

Allotments to date -' $ 26,080
(Reconnaissance Report and
Detailed Project Report}

Plans and Specifications 20,000

Construction, Engineering during
Construction, Supervision and
Administratiqn " 253,920

Total Estimmated Federal First Cost $300,000

Y. OPERATION AND MAINTENANCE

Maintenance of this project will be the responsibility of the local
interests. Periodic inspections will be made to assure that adequate
maintenance is performed in accordance with regulations prescribed
by the Secretary of the Army. It is estimated that maintenance of the
project will cost local interests $400 annually. An operation and
maintenance manual will be provided the Town of Warren upon comple-
tion of the project.

Z, LOCAL COOPERATION

In accordance with Public Law 685, 84th Congress, adopted
11 July 1956, local interests would be required to provide without cost
to the United States all lands, easements and rights-of-way necessary
for the construction and operation of the project; hold and save the
United States free from damages. due to construction work; obtain from
the New York Central Railroad Company an agreement to release the
Town from any claims for damages due to construction; and maintain
and operate all the works after completion in accordance with regula-
tions prescribed by the Secretary of the Army. The responsibility
for furnishing disposal areas for excavated materials not used in the
project and for the modification and removal of bridges and relocation
of utilities would rest with local interests under the requirements of
lands, easements, and rights-of-way, Local interests would also be
required to furnish the added assurance that they would contribute to
the United States all necessary funds over and above the Federal cost
limitation of $400,000. State and Town officials have indicated a
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willingness to fulfill conditions of local coopetation, Letters f:-rom"""'
State and Town authorities which constitute preliminary assurances
are included in Appendix C of this report. '

AA, COORDINATION WITH OTHER AGEN_CIES.

Plans for the local protective works in West Warren have been
reviewed by officials of the Town of West Warren, West Warren

Industries, and the Cornrnonwealth of Massachusetts. Their endorse-— .

ment of the proposed p].an is indicated by letters in Appendix C.

Copies of comments from State and Federal agencies are included

as exhibits in Appendix C of this report, The project has no effect
on hydroelectric power generation, recreation, pollution abatement,
fish migration or other collateral water resource uses.

BB. GONCLUSIONS

Invest1ga.t1ons and studies for the local protection project
covered by this report lead to the following conclusions:

a, West Warren Industr:.es faces the threat of heavy damages
in future floods. A recurrence of the ﬂood of record would cause

.damages of $1. 1 million,

b. ‘The desires of local interests are for the best form of pro-

tection that can be afforded to their principal industries which would -
thereby secure the economic base of the Town.,

c. ‘Protection can be provided most suitably by the proposed
plan at a total estimated first cost of $345,000.

d. " The prOJect is economically _]ust1f1ed by the ratio of annual
benefz.ts to annual costs of 1.3 to 1.0,

e. ‘The threat of recurrent damaging floods makes it desirable

‘to construct the pro;ect as soon as possible.

CC., RE CO’MMENDATIONS

It is recommended that the project, as submitted in this report,
be authorized by the Chief of Engineers under the provisions of the
Flood Control Act of 1948, as amended, and that additional funds be
allotted in the amount of $20, 000 for preparation of plans and speci-
fications. Funds for construction will be requested upon rece:pt and
analysis of bids for construction..
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APPENDIX B

FLOOD LOSSES AND BENEFITS

1. DAMAGE SURVEYS

A damage sutrvey was made in the flood area immediately after
the 1955 flood and supplemented by a review in the Spring of 1959,
These surveys congiéted of detailed inspections of the industrial
properties to ascertain the physical condition of the properties, the
nature and amount of damages, depths of fleoding, high water ref-
erences and relationships between the 1955 flood and other flood
stages, Damage data in the experienced flood furnished by owners
and tenants were utilized, when in the judgment of the investigators
the estimates were realistic. In other cases, owners'estimates
were modified by investigators. Additional information was obtained
from local and State officials,

Sufficient data were obtained to derive loss estimates for (1)
the 1955 flood crest, (2) a stage 3 feet above the 1955 crest, and
{3) intermediate stages below 1955 crest where marked changes in
. damage occur. The stage at which damage begins, referenced to the
1955 flood, was also determined.

2., LOSS CLASSIFICATION

Losses in the project area were principally industrial, with
some loss to railroad and highway.

Primary losses have béen classified as physical and non-
physical. Physical losses comprise primary losses, such as damage
to structures, machinery, and inventories, and the cost of cleanup
and repairs. Non-physical losses include unrecoverable loss of
business, wages or production, increased cost'of operation and cost
of temporary facilities,

Physical cl'é'.mage. and a large part of the related non-physical.
losses were determined by direct inspection of property and evalua-
tion of losses by property owners, tenants and field investigators,

B-1



3. RECURRING AND PREVENTABLE LOSSES

There has been no change in use in the flood area since the
flood of 1955, with the exception of the one building adjacent to the
river which has changed tenants. Estimates have been made of
the recurring damages that would be experienced with various
flood stages above and below the 1955 flood level. A recurrence
of the 1955 stages would cause damages estimated at $1. 1 million
at 1961 price levels, ' .

4. AVERAGE ANNUAL LOSSES

Estimated recurring losses were converted to average annual
losses as a basis for determining annual benefits for use in economic
evaluation. Estimated annual losses were derived by correlation of
stage-damage, stage-discharge, and discharge frequency curves, to
produce damage-frequency relationships in accordance with standard
Corps of Engineers practice. Annual losses were derived only for
those floods having a frequency of more than once in 400 years,
inasmuch as the relative accuracy of discharge frequency, and stage-
frequency relationships deteriorates sharply for the rarer floods.
Annual losses for the flood area are estimated at $18,700 at 1961
prices,

Plates E-1 through E-7 shew procedures used in converting
recurring stage-damage data to curves of damage-~frequency.

5. ANNUAL BENEFITS

a. Flood damage prevention benefits. Average annual flood
da.ma‘.-ge prevention benefits were deterrnined by deriving the differ-
ence between average annual losses under existing conditions and
those losses remaining after construction of protective works.
Annual losses resulting from floods having a frequency of more
than once every 300 years will be eliminated by construction of a
dike in the headwater portion of the project, and by improvement
of the channel downstream. Average annual flood damage preven-
tion benefits accruing to the protective works amount to $17,400.

b. Other tangible benefits. No increase in utilization of lands
and buiidings is expected to follow construction of the local protec-
tion project. Land available in the flood-free areas in the project
vicinity have shown little development in the past few years. Few

B-2
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structural changes have been noted in this locality in more recent

‘times. Construction of the project would relieve the threat of

flooding and encourage the present industrial concerns to remain
in the district.

c. Intangible benefits. Significant intangible benefits will
be realized from construction of the proposed local protection
project. The safety of the entire village of West Warren against
fire is dependent upon the pumping facilities located in the project
area. The assurance of non-interruption of employment for nearly
1,000 people will have a substantial effect on the economy of West
Warren and surrounding communities. In addition, construction
of the project would greatly lessen the flood threat to life and the
potential danger of disease inherent in all floods,
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APPENDIX C

LETTERS OF CONCURRENCE AND COMMENT

Exhibit No.

Agency Letter Dated
1 Town of Warren, Massachusetts June 6, 1‘;61
2 The Commonwealth of Massachusetts July 19, 1961
3 U.S. Department of Agriculture June 14, 1961
Soil Conservation Service
;4

U, S. Department of the Inferior July 7, 1961
Fish and Wildlife Service

5 New York Central System July 11, 1961



TOWN OF WARREN
BOARD OF SELECTMEN

TOWN HALL
June 6, 1961

Steven A. Korzec, Chalrman
Alice L. Leach, Clerk
Robert W. Willlams

Karl F, Eklund,

Colonel, Corps of Englneers,

Deputy Division Engineer,

U.S. Army Engineer Div., N.E.

424 Trapelo Road, Waltham 54, Mass,

Dear Colonal Eklund:

Thank you for your communication of 26 May 1961. Reference
is hereby made to recent meetings with U.,S. Army Engineer
Pivision, representatives of West Warren Industries, New
York Central Rallroad, and our Board regarding P.L. 685 -
Local Flood Protection Project, Quaboag Biver, West Warren
Massachusetts, :

Regarding proposed plans and construction, preliminary plans
being on file in our office. As per your request, it 1s the
opinion of the present Board of Selectmen, Town of Warren, that
local interests are willing and able to comply with the require-
ments specified under the authority of P.L. 685, 84th Congress,
adopted 11 July 1956.

This is not a legal commitment at this time, but we wish to
state our willingness to extend our utmost cocperation,

Thanking you, we remain

Sinc jgly yogrs”

!

! /'{ d 5 P> A abitn
| Bosrd ‘6t S Lrmsn; -
SAK-R Steven A. Korzec Chairman.

EXHIBIT NO.1
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THE COMMONWEALTH OF MASSACHUSETTS
EXECUTIVE DEPARTMENT
STATE HOUSE,BOSTON

JOHN A.VOLFE

GOVERNOR July 19, 1961

Brigadier General Seymour A. Potter, Jr.
Division Engineer - New England Division
U. 8. Corps of Engineers

424 Trapelo Road

Waltham, Massachusetts

Dear &General Potter:

I am in receipt of your letter of June 9, 1961,
in regard to the proposed project to provide local
flood protection works along the Quaboag River in
the West Warren section of the Town of Warren, Massa-
c¢husetts. This project is to be constructed under
Public Law 685-84th Congress, adopted in July 19506.

In your letter you point out:

1. That the estimated rFederal cost of the
project is $280,000,

2. That the non-Federal cost for acquiring
land and for providing funds for features
of the project other than flood control
will be $45,000 and that the Town of
Warren has given its assurance that it
will contribute that sum.

The question that is raised in your letter is
whether the Commonwealth of Massachusetts will assume
full responsibility for all project costs in excess
of the rederal cost limitation of $400,000 in the event
that the cost of the final project should exceed that
amcunt. The Commonwealth of Massachusetts has enacted

_EXHIBIT NO 2



General Potter

-2 - July 19, 1961

a law, Chapter 763 of the Acts of 1957, including the

appropriation
cost of flood
Federal £flood

The  sums
revert to. the

of the necessary funds to pay the excess
control projects constructed under this

control program.

appropriated in Chapter 763, however,
General Fund on July 1, 1962. As it

will be impossible to know before that date whether

there will be

any excess in connection with the West

Wwarren project, I am suggesting to the Division of
Waterways in the Massachusetts Department of Public

Works that it
be continued.

request that the present appropriation
We consider this project an essential

one for providing flood protection in the Town of
Warren and will gladly assume the responsibility for
any cost cof construction in excess of $400,000, pro-
viding the continuation of the existing appropriation

is authorized
in January.

by the Legislature when it reconvenes

I trust that the Secretary of the Army will

authorize the

allotment of the necessary appropriation

for this project.

Sincerely,




UNITED STATES PEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE

29 Cottage Street, Amherst, Massachusetts

June 14, 1961

General Seymour A. Potter, Jr.
Division Engineer, New England
Corps of Engineer’s

424 Trapelo Road

Waltham 54, Massachusetts

Dear General Potter:

We have reviewed the proposed plan of protection for a local
flood protection project along the Quaboag River at West
Warren, Massachusetts.

We believe that this local protection project as described
in your letter of June 9, 1961, is needed as part of the
-over-all plan for the Upper Quaboag River Watershed, As

you know, the flood prevention and watershed protection work
plan for the Upper Quaboag River Watershed under P. L. 566,
is based on the premise that the local protection project

at West Warren will be installed. '

Sincerely yours,

-t .
U/ "_./_/‘;"‘"“ & " L S
Benjamif Isgur '

State Conservatidnist.

EXHIBIT WOD.3



NORTHEAST REGION

UNITED STATES (REGION 5)
DEPARTMENT OF THE INTERIOR MA INE
FISH AND WILDLIFE SERVICE NEW HAMPSHIRE
BUREAU OF SPORT FISHERIES AND WILDILIFE NEW YORK
59 TEMPLE PLACE VERMONT
REGIONAL DIRECTOR BOSTON, MASSACHUSETTS PENNSYLVANJA
: - MASSACHUSETTS

NEW JERSEY
RHODE I1SLAND
DELAWARE

Division Engineer CONNECTICUT
New England Division WEST VIRGINIA
Us 5. Avmy Corps of Engineers

Lol Trapelo Road

Waltham 5%, Massachusetis

Juy T, LO6L

Deax Slx:

Reference is made to your lebter of June €, 196l regarding a proposed
loceal. protection project along the Quabeag River eb West Warren,
Massachusetts, and in which you request comments fron this Buresu regard-
ing the effects of the preject on the fish and wildlile resources. This
letter constitutes our conservation and develcopment report and has the
concurrence of the Massachusetts Division of Fisherdles and Game.

It is our understanding that the proposed plan of protectlon includes

a dike and flood wall upstrear of the existing dam; the comnstruction of
concrete bubttress walls to protect Buildings No. 7 and 11 the removal
of the exlsting stone arch bridge; the removal and replacement of an
oll pipeline bridge by a new bridge with adeguate wabsrwey; channel
excavetion in the Quabhoag Riwvar below the sxizbing dam; rock slope
protection along sides and bobbom of the river: and the reconstiructlon
of the north pleér foohbing of the overinead Houth Street Bridge to
permlt channel decpening abt this lLocatlion.

v nave coasidered the lapact of this prcject and conclude that it
711 have no slgnificant effect on £fish or wlldliife vesources.

we would appreclate belng advised 1F say major changes axre made in the
project mlan, in order that a uew »xport may be prepared.

We appreciate the opportunlty to report on this project.

Slacerely yours,

EXHIBIT NO.4
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C. E. DEFENDORF
CHIEF ENGINEER

NEW YORK CENTRAL SYSTEM

July 11, 1961

SUBJiECT ¢ Flood Protection Project, Quaboag River
Wesgt Warren, Hassachusetis

Division Engineer

New England Division

U. 8. Corps of Engineers Your File 1o, NEDGN
42y Trapelo Road

Waltham 5k, Mass,

Attentions Mr, John iim, leslie
Chief,Engineering Division

Dear Sirs

Your letter of June 6, 1961, to our lr. T. !, Scott at
Springfield, Mass., relative to local flood protection project,
Quaboag River, West Warren, Massachusetbs, and enclosing a set
of contract plans, has been forwarded to me for ry comments and
review,

Please be advised that the plans are satisfactory to the

-Railroad Company from a structural standpoint.

It is understood that you will provide a minimum of 127

from the cneterline of track to the top edge of riprap, as discussed

with iir, Scott.

Yours very truly,

CHIEF EXGINEER

EXHIBIT NO.%
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APPENDIX B

FLOOD LOSSES AND BENEFITS

1. DAMAGE SURVEYS

A damage sutrvey was made in the flood area immediately after
the 1955 flood and supplemented by a review in the Spring of 1959,
These surveys congiéted of detailed inspections of the industrial
properties to ascertain the physical condition of the properties, the
nature and amount of damages, depths of fleoding, high water ref-
erences and relationships between the 1955 flood and other flood
stages, Damage data in the experienced flood furnished by owners
and tenants were utilized, when in the judgment of the investigators
the estimates were realistic. In other cases, owners'estimates
were modified by investigators. Additional information was obtained
from local and State officials,

Sufficient data were obtained to derive loss estimates for (1)
the 1955 flood crest, (2) a stage 3 feet above the 1955 crest, and
{3) intermediate stages below 1955 crest where marked changes in
. damage occur. The stage at which damage begins, referenced to the
1955 flood, was also determined.

2., LOSS CLASSIFICATION

Losses in the project area were principally industrial, with
some loss to railroad and highway.

Primary losses have béen classified as physical and non-
physical. Physical losses comprise primary losses, such as damage
to structures, machinery, and inventories, and the cost of cleanup
and repairs. Non-physical losses include unrecoverable loss of
business, wages or production, increased cost'of operation and cost
of temporary facilities,

Physical cl'é'.mage. and a large part of the related non-physical.
losses were determined by direct inspection of property and evalua-
tion of losses by property owners, tenants and field investigators,

B-1



3. RECURRING AND PREVENTABLE LOSSES

There has been no change in use in the flood area since the
flood of 1955, with the exception of the one building adjacent to the
river which has changed tenants. Estimates have been made of
the recurring damages that would be experienced with various
flood stages above and below the 1955 flood level. A recurrence
of the 1955 stages would cause damages estimated at $1. 1 million
at 1961 price levels, ' .

4. AVERAGE ANNUAL LOSSES

Estimated recurring losses were converted to average annual
losses as a basis for determining annual benefits for use in economic
evaluation. Estimated annual losses were derived by correlation of
stage-damage, stage-discharge, and discharge frequency curves, to
produce damage-frequency relationships in accordance with standard
Corps of Engineers practice. Annual losses were derived only for
those floods having a frequency of more than once in 400 years,
inasmuch as the relative accuracy of discharge frequency, and stage-
frequency relationships deteriorates sharply for the rarer floods.
Annual losses for the flood area are estimated at $18,700 at 1961
prices,

Plates E-1 through E-7 shew procedures used in converting
recurring stage-damage data to curves of damage-~frequency.

5. ANNUAL BENEFITS

a. Flood damage prevention benefits. Average annual flood
da.ma‘.-ge prevention benefits were deterrnined by deriving the differ-
ence between average annual losses under existing conditions and
those losses remaining after construction of protective works.
Annual losses resulting from floods having a frequency of more
than once every 300 years will be eliminated by construction of a
dike in the headwater portion of the project, and by improvement
of the channel downstream. Average annual flood damage preven-
tion benefits accruing to the protective works amount to $17,400.

b. Other tangible benefits. No increase in utilization of lands
and buiidings is expected to follow construction of the local protec-
tion project. Land available in the flood-free areas in the project
vicinity have shown little development in the past few years. Few

B-2
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structural changes have been noted in this locality in more recent

‘times. Construction of the project would relieve the threat of

flooding and encourage the present industrial concerns to remain
in the district.

c. Intangible benefits. Significant intangible benefits will
be realized from construction of the proposed local protection
project. The safety of the entire village of West Warren against
fire is dependent upon the pumping facilities located in the project
area. The assurance of non-interruption of employment for nearly
1,000 people will have a substantial effect on the economy of West
Warren and surrounding communities. In addition, construction
of the project would greatly lessen the flood threat to life and the
potential danger of disease inherent in all floods,
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APPENDIX C

LETTERS OF CONCURRENCE AND COMMENT

Exhibit No.

Agency Letter Dated
1 Town of Warren, Massachusetts June 6, 1‘;61
2 The Commonwealth of Massachusetts July 19, 1961
3 U.S. Department of Agriculture June 14, 1961
Soil Conservation Service
;4

U, S. Department of the Inferior July 7, 1961
Fish and Wildlife Service

5 New York Central System July 11, 1961



TOWN OF WARREN
BOARD OF SELECTMEN

TOWN HALL
June 6, 1961

Steven A. Korzec, Chalrman
Alice L. Leach, Clerk
Robert W. Willlams

Karl F, Eklund,

Colonel, Corps of Englneers,

Deputy Division Engineer,

U.S. Army Engineer Div., N.E.

424 Trapelo Road, Waltham 54, Mass,

Dear Colonal Eklund:

Thank you for your communication of 26 May 1961. Reference
is hereby made to recent meetings with U.,S. Army Engineer
Pivision, representatives of West Warren Industries, New
York Central Rallroad, and our Board regarding P.L. 685 -
Local Flood Protection Project, Quaboag Biver, West Warren
Massachusetts, :

Regarding proposed plans and construction, preliminary plans
being on file in our office. As per your request, it 1s the
opinion of the present Board of Selectmen, Town of Warren, that
local interests are willing and able to comply with the require-
ments specified under the authority of P.L. 685, 84th Congress,
adopted 11 July 1956.

This is not a legal commitment at this time, but we wish to
state our willingness to extend our utmost cocperation,

Thanking you, we remain

Sinc jgly yogrs”

!

! /'{ d 5 P> A abitn
| Bosrd ‘6t S Lrmsn; -
SAK-R Steven A. Korzec Chairman.

EXHIBIT NO.1
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THE COMMONWEALTH OF MASSACHUSETTS
EXECUTIVE DEPARTMENT
STATE HOUSE,BOSTON

JOHN A.VOLFE

GOVERNOR July 19, 1961

Brigadier General Seymour A. Potter, Jr.
Division Engineer - New England Division
U. 8. Corps of Engineers

424 Trapelo Road

Waltham, Massachusetts

Dear &General Potter:

I am in receipt of your letter of June 9, 1961,
in regard to the proposed project to provide local
flood protection works along the Quaboag River in
the West Warren section of the Town of Warren, Massa-
c¢husetts. This project is to be constructed under
Public Law 685-84th Congress, adopted in July 19506.

In your letter you point out:

1. That the estimated rFederal cost of the
project is $280,000,

2. That the non-Federal cost for acquiring
land and for providing funds for features
of the project other than flood control
will be $45,000 and that the Town of
Warren has given its assurance that it
will contribute that sum.

The question that is raised in your letter is
whether the Commonwealth of Massachusetts will assume
full responsibility for all project costs in excess
of the rederal cost limitation of $400,000 in the event
that the cost of the final project should exceed that
amcunt. The Commonwealth of Massachusetts has enacted

_EXHIBIT NO 2



General Potter

-2 - July 19, 1961

a law, Chapter 763 of the Acts of 1957, including the

appropriation
cost of flood
Federal £flood

The  sums
revert to. the

of the necessary funds to pay the excess
control projects constructed under this

control program.

appropriated in Chapter 763, however,
General Fund on July 1, 1962. As it

will be impossible to know before that date whether

there will be

any excess in connection with the West

Wwarren project, I am suggesting to the Division of
Waterways in the Massachusetts Department of Public

Works that it
be continued.

request that the present appropriation
We consider this project an essential

one for providing flood protection in the Town of
Warren and will gladly assume the responsibility for
any cost cof construction in excess of $400,000, pro-
viding the continuation of the existing appropriation

is authorized
in January.

by the Legislature when it reconvenes

I trust that the Secretary of the Army will

authorize the

allotment of the necessary appropriation

for this project.

Sincerely,




UNITED STATES PEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE

29 Cottage Street, Amherst, Massachusetts

June 14, 1961

General Seymour A. Potter, Jr.
Division Engineer, New England
Corps of Engineer’s

424 Trapelo Road

Waltham 54, Massachusetts

Dear General Potter:

We have reviewed the proposed plan of protection for a local
flood protection project along the Quaboag River at West
Warren, Massachusetts.

We believe that this local protection project as described
in your letter of June 9, 1961, is needed as part of the
-over-all plan for the Upper Quaboag River Watershed, As

you know, the flood prevention and watershed protection work
plan for the Upper Quaboag River Watershed under P. L. 566,
is based on the premise that the local protection project

at West Warren will be installed. '

Sincerely yours,

-t .
U/ "_./_/‘;"‘"“ & " L S
Benjamif Isgur '

State Conservatidnist.

EXHIBIT WOD.3



NORTHEAST REGION

UNITED STATES (REGION 5)
DEPARTMENT OF THE INTERIOR MA INE
FISH AND WILDLIFE SERVICE NEW HAMPSHIRE
BUREAU OF SPORT FISHERIES AND WILDILIFE NEW YORK
59 TEMPLE PLACE VERMONT
REGIONAL DIRECTOR BOSTON, MASSACHUSETTS PENNSYLVANJA
: - MASSACHUSETTS

NEW JERSEY
RHODE I1SLAND
DELAWARE

Division Engineer CONNECTICUT
New England Division WEST VIRGINIA
Us 5. Avmy Corps of Engineers

Lol Trapelo Road

Waltham 5%, Massachusetis

Juy T, LO6L

Deax Slx:

Reference is made to your lebter of June €, 196l regarding a proposed
loceal. protection project along the Quabeag River eb West Warren,
Massachusetts, and in which you request comments fron this Buresu regard-
ing the effects of the preject on the fish and wildlile resources. This
letter constitutes our conservation and develcopment report and has the
concurrence of the Massachusetts Division of Fisherdles and Game.

It is our understanding that the proposed plan of protectlon includes

a dike and flood wall upstrear of the existing dam; the comnstruction of
concrete bubttress walls to protect Buildings No. 7 and 11 the removal
of the exlsting stone arch bridge; the removal and replacement of an
oll pipeline bridge by a new bridge with adeguate wabsrwey; channel
excavetion in the Quabhoag Riwvar below the sxizbing dam; rock slope
protection along sides and bobbom of the river: and the reconstiructlon
of the north pleér foohbing of the overinead Houth Street Bridge to
permlt channel decpening abt this lLocatlion.

v nave coasidered the lapact of this prcject and conclude that it
711 have no slgnificant effect on £fish or wlldliife vesources.

we would appreclate belng advised 1F say major changes axre made in the
project mlan, in order that a uew »xport may be prepared.

We appreciate the opportunlty to report on this project.

Slacerely yours,

EXHIBIT NO.4
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C. E. DEFENDORF
CHIEF ENGINEER

NEW YORK CENTRAL SYSTEM

July 11, 1961

SUBJiECT ¢ Flood Protection Project, Quaboag River
Wesgt Warren, Hassachusetis

Division Engineer

New England Division

U. 8. Corps of Engineers Your File 1o, NEDGN
42y Trapelo Road

Waltham 5k, Mass,

Attentions Mr, John iim, leslie
Chief,Engineering Division

Dear Sirs

Your letter of June 6, 1961, to our lr. T. !, Scott at
Springfield, Mass., relative to local flood protection project,
Quaboag River, West Warren, Massachusetbs, and enclosing a set
of contract plans, has been forwarded to me for ry comments and
review,

Please be advised that the plans are satisfactory to the

-Railroad Company from a structural standpoint.

It is understood that you will provide a minimum of 127

from the cneterline of track to the top edge of riprap, as discussed

with iir, Scott.

Yours very truly,

CHIEF EXGINEER

EXHIBIT NO.%

466 LEXINGTON AVENUE
NEW YORK 17, N Y.




